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THE 
COALS OF CANADA: 
AN ECONOMIC INVESTIGATION 


VOL. VI 


INTRODUCTORY 


In the autumn of 1906, the Canadian Government, through Dr. A. P. 
Low, Director of the Geological Survey, decided to undertake a study of 
the fuels of the Dominion, somewhat on the lines of the fuel tests which 
had already been commenced by the United States Geological Survey. 
But inasmuch as the Government had not, at Ottawa, any suitable mechan- 
ical laboratories, and as research work had already been done by the 
Mining Department of McGill University on a number of western coals, 
Dr. Low invited Dr. Porter, the head of that department, to undertake 
the larger investigation. This proposal was approved by the University 
governors, and Dr. Porter was authorized to carry out the tests in the 
University laboratories, without charge; on the understanding that the 
Government would pay for such apparatus as might be required to sup- 
plement the existing equipment, and to make good all additions to the 
salaries, wages, and supplies accounts, rendered necessary by the inves- 
tigation. At the request of Dr. Low, also, the Intercolonial and Canadian 
Pacific railways very generously agreed to haul the material—amounting 
to many hundreds of tons— free of charge. 

Shortly after the commencement of the investigation the Dominion 
Department of Mines was created, under the Hon. William Templeman, 
as Minister of Mines, and Dr. A. P. Low, as Deputy Minister; and the 
investigation, together with all matters relating to economic mincrals, 
was transferred from the Geological Survey to the Mines Branch, under 
the Directorship of Dr. Eugene Haanel. The original arrangement was, 
however, in all other respects, continued without change. 

From the beginning it was intended to confine the investigation to the 
coals and lignites of the Dominion; and the following points were covered 
by the scheme :— 

Sec. I.—General organization and administration. 

Sec. IJI.—Preparation of a general summary report on Canada’s coal 

fields and coal mines. 

Sec. III.—Sampling in the field. 

Sec. 1IV.—Crushing the samples and preparing them for treatment. 

Sec. V.—Washing and mechanical purification. 

Sec. VI.—Coking trials. ‘ 

Sec. VII.—Steam boiler trials. 

Sec. VIII.—Producer, and gas engine trials. 

See. IX.—Chemical laboratory work, and miscellaneous investiga- 

tions. 
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TECHNICAL STAFF. 


The technical staff engaged in the investigation, comprised :— 


(1). J.B. Porter, E.M., Ph.D., D.Sc., Professor of Mining Engineer- 
ing, McGill University—Responsible for the organization and general 
direction of the investigation, and directly in charge of Sections I, IV, and 
V, and VI (in part). 

(2). R. J. Durley, B.Sc., Ma.E., Professor of Mechanical Engineer- 
ing, McGill University— In charge of Sections VII and VIII. 

(3). Théo. C. Denis, B.Sc., Mines Branch, Department of Mines, 
Ottawa—In charge of Sections IT and III (in part). 

(4). Edgar Stansfield, M.Sc., Chief Chemist—In charge of Section 
IX, and Sections III and VI (in part). 

(5). H. F. Strangways, M.Sc., Dawson Fellow in Mining, McGill 
University—Assistant in Sections IV and V 1907. 

(6). H. G. Carmichael, M.Se., Dawson Fellow in Mining, McGill 
University— Assistant in Sections IV and V 1908. 

(7). E. B. Rider, B.Sc., Demonstrator in Mining, McGill University 
—Assistant in Sections IV and V 1909-10. 

(8). Chas. Landry, Chief Mechanic of Mining Department, McGill 
University—Foreman in Sections IV and V. 

(9). J. W. Hayward, M.Sc., Assistant Professor of Methanival Engi- 
neering, McGill Univemity cae in charge of Section VII 1907, 
and preliminary work in Section VIII. 

(10). J. Blizard, B.Sc., Lecturer on Mechanical Engineering, McGill 
University—Assistant in charge of Section VII 1908, and Assistant in 
Section VIIT. 

(11). D. W. Munn, M.A., B.Se.; Demonstrator in Mechanical Engi- 
neering ,McGill University—Assistant in Sections VII and VIII. 

(12). G. L. Guillet, M.Se., Demonstrator in Mechanical Engineering, 
McGill University—Assistant in Section VII. 

(13) G. Killam, M.A., B.Se., Demonstrator in Mechanical Engineer- 
ing, McGill University—Assistant in Section VIII. 

(14). J. 5. Cameron, B.Sc., Demonstrator in Mechanical Engineer- 
ing, McGill University—Assistant in Section VIII. 

(15). <A. Balmfirth, Superintendent of McGill University Power 
House—Foreman in Section VII. 

(16). J. Gardner, Foreman in Section VIII. 

(17). J. Hoult, Fireman in all tests of Section VII. 

(18). J. H. H. Nicolls, B.Se., Assistant Chemist—Assistant in Sec- 
tion IX 1908, 1909. 

(19). R. T. Mohan, B.Sc., Assistant Chemist—Assistant in Section 
IX 1908. 

(20). P. H. Elliott, M.Sec., Assistant Chemist—Assistant in Section 
IX 1908. 
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(21). E. J. Conway, B.Se., Assistant Chemist—Assistant in Section 
IX 1908. 

(22). W. B. Campbell, Assistant Chemist—Assistant in Section IX 
1909. 

(23). R. S. Boehner, M.Sc., Demonstrator in Chemistry, McGill 
University—Assistant in Section IX 1908, 1909. 

(24). H. Hartley, B.Sc., Assistant Chemist—Assistant in Section 
IX 1909. 

(25). W.B. Meldrum, B.Sc., of the Department of Chemistry, McGill 
University—Assistant in Section VI 1909. 

(26). H. H. Gray, B.Sc., Demonstrator in Metallurgy, McGill Uni- 
versity—Assistant in Section VI 1909. 

(27). H.G. Morrison, B.Sc., Assistant Chemist—Assistant in Sec- 
tion IX, 1909, 1910. 

There were also a number of machinists, mechanics, and labourers, 
engaged more or less continuously in the several sections. 

In addition to the persons above named, the following members of 
the University staff very materially aided in the progress of the work by 
giving occasional assistance and advice:— 

Alfred Stansfield, D.Se., Professor of Metallurgy. 

H. T. Barnes, D.Sc., Professor of Physics. 

Acknowledgment is also due to the Governors of McGill University, 
‘and to W. Peterson, C.M.G., Principal; F. D. Adams, F. R. 8., Dean; W. 
Vaughan, Esq., Secretary; S. R. Burrell, Esq., Chief Accountant, and 
many others. 


LABORATORIES. 


The laboratories of the Mining and Mechanical Departments of McGill 
University, in which the tests were made, were built and equipped some 
few years ago on a scale unequalled at the time in North America, the 
buildings and apparatus for the Ore Dressing Department alone cost- 
ing over $150,000, and the Steam Laboratory an almost equal sum. This 
equipment needed very little augmentation in respect of sampling, 
crushing, coal washing, steam boiler tests, and chemical analysis; 
although a number of minor pieces of apparatus had to be purchased, 
such as extra calorimeters, pyrometers, thermometers, etc., etc. 

In the matter of producer and gas engine tests, larger expenditure 
was necessary, as the University equipment was on too small a scale for 
the extensive tests contemplated. An addition 25 X 70 was, therefore, 
built to the Ore Dressing Laboratory, and equipped with a complete 
plant of the most modern type, the cost for building and plant being 
approximately $12,000. A detailed description of this plant, with cuts 
of the apparatus, etc., will be found in Vol. II, Part VIII of the report, 
and similar descriptions of the apparatus used in the other parts of the 
investigation will be found in the other parts. 
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THE INVESTIGATION. 


Sampling in the field. 


Sixty-three separate mines or seams were specially sampled for the 
investigation. The work of sampling was always done by a responsible 
member of the technical staff, and every precaution was taken to ensure 
reliability. The general rules governing this sampling and the detailed 
descriptions of the work of sampling at the several mines are fully stated 
in-Yol.-L) Part ITT: 

A list of the samples arranged in geographical order is given in the 
table of contents of each volume of the appendices III, IV, and V, and 
is printed in the text of the Report proper, Vol. I, pp. 8 to 11 and Vol. 
II, pp. 181 to 184; also in this Vol., pp. 17 to 20. 


Crushing and Sampling in the Laboratory. 


The main samples on their arrival at the testing plant at McGill 
University were all crushed to go through a 2” screen, mixed thor- 
oughly on a large granolithic sampling floor, sampled for the chemist, 
etc., and finally resacked, sealed, and sent to a dry room for storage while 
awaiting test. 

The methods of sampling are stated in detail in Vol. I, Part IV. 

The smaller subsidiary samples were sent directly to the chemical 
laboratory, where they were stored in sealed vessels until required. 


Mechanical Purification. 


Each main sample was ‘experimentally treated in the laboratory 
with heavy solutions, and the fractions analysed with a view to deter- 
mining the probable results of washing. In all cases where these pre- 
liminary tests gave favourable results, a large lot was treated in the coal 
washing plant of the University, and this work was checked by a further 
series of tests with heavy solutions. 

It would, of course, be possible in a laboratory to do extremely thorough 
washing at an expense disproportionate to the value of the coal; but this 
was not attempted, the aim being to reproduce commercial conditions. 
From comparative tests made between laboratory work and coal washing 
in standard plants, it is evident that this end has been attained, and the 
tests as carried on may be taken in a broad way to represent average 
commercial work. 

The whole subject of coal washing as well as testing is dealt with 
in Vol. I, Part V, and the results of all the trials are presented in a series 
of summary tables. The detailed results of each test are given in Volume 
Bik 
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Coking Trials. 


The determination as to whether or not any particular coal will make 
a good coke is of great practical importance, and until recently it has been 
considered impossible without first conducting a series of oven trials on a 
large and costly scale. Even a single full sized experimental oven is un- 
satisfactory for such work, as its operation differs much from that of an 
oven surrounded by its fellows; and as a result the only safe course has 
been to send a very considerable quantity of each coal to be tested to a 
bank of ovens and to test it under standard conditions, repeating the 
operation if necessary with different coking periods until a definite con- 
clusion can be reached. 

It was obviously impossible to carry out complete tests of the above 
character on all of the fifty odd coals in the series under consideration, and, 
therefore, an extended investigation was undertaken at the coking plant of 
the Dominion Iron and Steel Co. at Sydney, N.S., with a view to developing 
some reliable method of working on a small scale. These experiments, 
supplemented by tests in various types of oven in different places in Canada, 
finally led to a satisfactory conclusion, and it is now possible to test coals 
in lots of say 50 pounds, the resultant cokes being in every way similar to 
those produced in commercial ovens and in most cases indistinguishable 
from them. 

The method in brief is as follows: the sample of coal, which should 
be as fresh as possible, is crushed, washed if necessary, and slightly moistened 
in some cases, and thus brought to exactly the conditions in which it would 
normally go to the oven. It is then put in rectangular boxes of heavy 
sheet iron, each holding say 50 pounds. These boxes are freely perforated 
to permit of the escape of gas, but the perforations are blanked with paper 
to prevent the egress or ingress of coal. The boxes are weighed and placed 
in an oven which is being charged, and become, in fact, a part of its regular 
charge and are coked under perfectly normal conditions. On the with- 
drawal of the charge, the boxes are quenched as promptly yet as lightly as 
possible, and are then dried and weighed before being opened. 

In addition to the straightforward trials to determine whether the 
several coals would or would not coke, a series of tests was made to deter- 
mine the effect of moistening, compressing, etc., and of different tempera- 
tures and durations of the coking period. 

A method had to be devised also to determine the strength of the 
cokes produced. Mere crushing tests do not suffice, and it was finally 
decided to adopt a standard method of testing in a tumbler to determine 
the losses in handling, and of crushing to a fixed pressure in bulk to deter- 
mine strength#in coke bins and furnaces. 

Another series of tests was made to determine rs effect of weathering 
on coal before using it for coke production. Some coals will coke only 
when quite fresh; others will coke, but not so well, when stale; still others 
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do not seem to be affected even by comparatively long exposure to the air. 
The whole matter is somewhat obscure and chemical analysis does not cast 
as much light on it as one could wish. 

The subject of coking, as well as the testing of coking qualities, is 
dealt with in Vol. I, Part VI, and the results of all of the main trials are 
presented in a series of summary tables. The detailed results of the tests 
and the full records of a number of subsidiary tests are given in Appendix IV 
of the present volume. 


Boiler Trials. 


The boiler trials were conducted in the boiler testing room of the 
University, the method used being as far as possible in accordance with 
standard practice. 

The boiler, which is a Babcock and Wilcox, rated at 60 H.P., was 
thoroughly cleaned and tested before the trials were commenced, and 
standardizing tests were run with Georges Creek coal. The series included 
72 trials, each of which lasted at least ten hours. 

The methods employed in conducting the trials are fully detailed in 
Vol. II, Part VII, and this part also contains a general discussion of the 
use of coal for steam raising, and a tabular summary of the whole series of 
trials. 

Full notes of each of these trials are published in Vol. IV, Appendix II, 
followed by the summary record above referred to reprinted from Vol. II. 


Producer Trials. 


The producer trials were made in a special laboratory erected and 
equipped for the purpose at McGill University. Several producers were 
tested, but the standard trials were carried out in a special down-draught 
producer rated at 40 H.P. 

The trials lasted at least 24 hours, and were checked by longer runs— 
one of 10 days. 

The methods employed in conducting the trials are fully set forth in 
Vol. II, Part VIII, and the results of the trials are presented in tabular 
form. This Part also contains a discussion of general questions of the use. 
of producers and gas engines for the generation of power. The detailed 
results of the trials are contained in Vol. V, Appendix IIT. 


Chemical Laboratory. 


The work that had to be done in the Chemical Laboratory was very 
considerable. Methods and apparatus had to be devised, tested, and 
standardized, and all materials, whether raw, intermediate, or final products, 
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had to be analysed. No count of the total number of analyses made has 
ever been made, but a mere enumeration of the different materials analysed 
and of the different analyses, determinations, and investigations carried out 
will give some idea of the extent of the work done. 


MATERIALS ANALYSED. 


Coal Samples—main, mine, weathering, boiler trial, gas producer 
tests, coking tests, final washed coal, separate products of washery, specific 
gravity tests, screen analyses, etc. Coke samples from coking tests: gas 
samples from boiler trials, gas producer tests and coking tests: ash samples 
from boiler trials, gas producer tests, and laboratory combustion of raw 
and washed coal. 


CHEMICAL DETERMINATIONS MADE. 


Carbon, hydrogen, oxygen, sulphur, nitrogen, moisture, ash, volatile 
matter, fixed carbon, combustible matter, carbon dioxide, carbon mon- 
oxide, ethylene, methane. 


PHYSICAL DETERMINATIONS MADE. 


Fusion temperature of ashes, specific gravity, porosity and strength of 
cokes, calorific values of solid and gaseous fuels. 


SPECIAL INVESTIGATIONS. 


Special investigations have been made on the determination of 
sulphur in coal, determination of volatile matter in coal and coke, solubility 
of coal in water, determination of physical values of coke, weathering of 
coal, ete. An investigation is also being carried out on the spontaneous 
combustion of coal in storage, but as this is in addition to the original 
research and is being supported by private contribution, it is intended to 
insert only a preliminary article here and to submit the full results in a 
special supplementary report to be published as soon as possible after the 
present volume. 

The regular methods of analysis adopted in the routine tests are 
described and discussed in Vol. II, Part IX, in connexion with a series of 
tables giving a summary of the analyses of all of the coal samples. 

A large amount of additional matter is presented in Appendix V of 
the present volume, the separate papers including discussions of some of 
the special investigations preliminary to the adoption of the standard 
methods and detailed descriptions of several subsidiary investigations. 
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THE REPORT. 


It will be seen from the above description of the investigation that 
an attempt has been made to cover a large field, and yet to do the work 
in great detail. As a result of this, a very large amount of information 
has been gathered; but much of it is so highly technical as to be only of 
interest to specialists, hence it has been thought best to divide the Report 
—which comprises six volumes—into two main sections, of two and four 
volumes respectively. 

In the first section there are separate chapters, or parts, dealing with 
each of the seven divisions of the investigation outlined in the last few pages. 
Each of these parts begins with an introduction in which the subject of the 
division is dealt with in a general way, followed by a more or less extended 
description and discussion of the experimental work attempted; and con- 
cluding with a carefully tabulated summary of all of the tests in that 
division. 

Preceding the technical reports referred to above there are two im- 
portant chapters, the first being an introduction dealing with the investi- 
gation as a whole, and the second being a very full descriptive paper on 
the history, geology, and present commercial development of the coal 
fields and coal mines of Canada, from the pen of Mr. Théo. C. Denis— 
a member of the permanent staff of the Mines Branch of the Department 
of Mines. This part of the Report, which is profusely illustrated with 
maps and photographs, differs from the remainder in that its matter is 
largely drawn from previous publications of the Geological Survey and 
other sources, but it possesses great value as an introduction to the some- 
what technical reports which follow, and is of importance, on its own 
account, as the most complete work yet written on the coal fields of the 
Dominion. 

The first two volumes of the Report, comprising Parts I to IX inclusive, 
may, therefore, be considered as complete in themselves, and it is hoped 
that they will prove of value not only as contributions to the technological 
literature on coal, but also as a source of useful and timely information to 
the general public, on the coal resources of the Dominion and on the best 
methods of utilizing these resources. 

The remaining four volumes, III, IV, V, and VI,' are given up ex- 
clusively to tabulated records and details of the tests summarized in 
Volumes I and II, to which they thus become highly technical appendices. 


1 Inasmuch as Mr. Edgar Stansfield became a member of the permanent staff of the Mines Branch, and 
hence had new duties to perform prior to the completion of the reports on the sections with which he was 
connected, it was necessary for him to write nearly the whole of Part IX and of Vol. VI in his private time; and, 
on account of Civil Service regulations, without remuneration. This has resulted, unavoidably, in the omission 
from Vol. VI of any account of several minor investigations and the abbreviation of certain parts. 
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LIST OF COALS TESTED. 


Sydney Coal Field, Cape Breton Co., N.S. 

No. 50!—Gowrie seam, North Atlantic Collieries, Ltd., Port 
Morien, N.S. 

No. 36—Dominion No. 7. Hub seam, Dominion Coal Co., Ltd., 
Glace Bay, N.S. 

No. 35—Dominion No. 9. Harbour seam, Dominion Coal Co., 
Ltd., Glace Bay, N.S. - 

No. 35 SP.—Dominion No. 5. Phalen seam, Dominion Coal Co., 
Ltd., Glace Bay, N.S. 

No. 38—Dominion No. 1. Phalen seam, Dominion Coal Co., 
Ltd., Glace Bay, N.S. 

No. 37—Dominion No. 10. Emery seam, Dominion Coal Co., 
Ltd., Glace Bay, N.S. 

No. 39—Dominion No. 12. Lingan seam, Dominion Coal Co., 
Ltd., Glace Bay, N.S. 

No. 13—No. 1 Colliery, Nova Scotia Steel and Coal Co., Ltd., 
Sydney Mines, N.S. 

No. 12—No. 3 Colliery, Nova Scotia Steel and Coal Co., Ltd., 
Sydney Mines, N.S. 


Inverness Coal Field, Inverness Co., N.S. 


No. 14—Inverness Colliery, Inverness Railway and Coal Co., 
Inverness, N.S. 

No. 15—Port Hood Colliery, Richmond Railway Coal Co., Ltd., 
Port Hood, N.S. 


Pictou Coal Field, Pictou Co., N.S. 


No. 4—Six foot seam, Vale Colliery, SES Coal Co., Ltd., 
New Glasgow, N.S. 

No. 16—Foord seam, Allan Shaft Colliery, Acadia Coal Co., 
Ltd., Stellarton, N.S. 

No. 1—Third seam, Albion Colliery, Acadia Coal Co., Ltd., 
Stellarton, N.S. 

No. 2—Cage Pit seam, Albion Colliery, Acadia Coal Go,wbtds 
Stellarton, N.S. 

No. 8—Main seam, Acadia Galery, Acadia Coal Co., Ltd., 
Westville, N.S. 

No. 3—Main seam, Drummond Gallery, Intercolonial Coal 
Mining Co., Ltd., Westville, N.S. 


Springhill Coal Field, Cumberland Co., N 5; 


No. 49—No. 1 Colliery, Cumberland Railway and Coal Co., 
Ltd., Springhill, N.S. 


1 The distinguishing numbers of the coal samples were arbitrarily assigned at the time, and have 
been retained for convenient reference. They have no other significance. 
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No. 5—No. 2 Colliery, Cumberland Railway and Coal Co., 
Ltd., Springhill, N.S. 

No. 6—No. 3 Colliery, Cumberland Railway and Coal Co., 
Ltd., Springhill, N.S. 


Joggins-Chignecto Coal Field, Cumberland Co., N.S. 
No. 7—Chignecto Colliery, Maritime Coal, Railway, and 
Power Co., Ltd., Chignecto, N. 58. 
No. 9—Minudie Colliery, Minudie Coal Co., Ltd., River 
Hebert, N.S. | 
No. 10—Joggins Colliery, Canada Coals and Railway Co., Ltd., 
Joggins, N.S. 


Grand Lake Coal Field, Queens Co., N.B. 
No. 11—King’s Mine, G. H. King, Minto, N.B. 


Souris Coal Field, Sask. . 
No. 40—Western Dominion Collieries, Ltd., Taylorton, Sask. 
No. 41—Eureka Coal and Brick Co., Ltd., Estevan, Sask. 


Edmonton Coal Field, Alta. 
No. 46—Strathcona Coal Co., Ltd., Strathcona, Alta. 
No. 42—Parkdale Coal Co., Ltd., Edmonton, Alta. 
No. 45—Standard Coal Co., Edmonton, Alta. 


Belly River Coal Field, Alta. 
No. 43——Canada-West Coal Co., Ltd., Taber, Alta. 
No. 44—Galt Colliery, Alberta Railway and Irrigation Co., Ltd., 
Lethbridge, Alta. 
No. 47—Breckenridge and Lund Coal Co., Lundbreck, Alta. 


Frank-Blairmore Coal Field, Alta. 
No. 48—Seven Foot seam (No. 1 Byron), Leitch Collieries, 
Ltd., Passburg, Alta. 
No. 32—Hillerest Colliery, Hillcrest Coal and Coke Co., Ltd., 
Hillcrest, Alta. 
No. 33—Bellevue Colliery, No. 1 seam, West Canadian 
Collieries Co., Ltd., Bellevue, Alta. 
No. 28—Lille Colliery, No. 1 seam, West Canadian Collieries 
Co., Ltd., Lille, Alta. 
No. 34—Denison Colliery, No. 2 seam, International Coal and 
Coke Co., Ltd., Coleman, Alta. 
No. 34 SP.—Denison Colliery, No. 4 seam, International Coal 
and Coke Co., Ltd., Coleman, Alta. 
Crowsnest Coal Field, B.C. 
No. 31—No. 3 mine, Michel Colliery, Crowsnest Pass Coal Co., 
Ltd., Michel, B.C. 
No. 30—No. 7 mine, Michel Colliery, Crowsnest Pass Coal Co., 
Ltd., Michel, B.C. 
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No. 29—No. 8 mine, Michel Colliery, Crowsnest Pass Coal Co., 
Ltd., Michel, B.C. 

No. 51—No. 2 seam south, Hosmer Mines, Ltd., Hosmer, B.C. 

No. 52—No. 6 seam south, Hosmer Mines, Ltd., Hosmer, B.C. 

No. 53—No. 8 seam south, Hosmer Mines, Ltd., Hosmer, B.C. 

No. 27—No. 2 mine, Coal Creek, Crowsnest Pass Coal Co., 
Ltd., Fernie, B.C. 

No. 26—No. 5 mine, Coal Creek, Crowsnest Pass Coal Co., 
Ltd., Fernie, B.C. 


Cascade Coal Field, Alta. 


No. 25—No. 1 or Old mine, H. W. McNeil Co., Ltd., Canmore, 
Alta. 

No. 23—Pea size, Bankhead Colliery, Bankhead Mines, Ltd., 

: Bankhead, Alta. 

No. 23 SP.—Buckwheat size, Bankhead Colliery, Bankhead 
Mines, Ltd., Bankhead, Alta. 

No. 23 M.—Mixed, 23 and 23 SP., Bankhead Colliery, Bank- 
head Mines, Ltd., Bankhead, Alta. 

No. 24—Briquettes from Bankhead Colliery, Bankhead Mines, 
Ltd., Bankhead, Alta. 


Similkameen Coal Field, B.C. 


No. Ex. 1—No. 1 opening, Granite Creek, B.C. 
No. Ex. 2—No. 2 opening, Granite Creek, B.C. 
No. Ex. 3—No. 4 opening, Granite Creek, B.C. 


Nicola Valley Coal Field, B.C. 


No. 22—Jewel seam, No. 1 mine, Middlesboro Colliery, Nicola 
Valley Coal and Coke Co., Ltd., Coutlee, B.C. 

No. 22 SP.—Rat Hole seam, No. 2 mine, Middlesboro Colliery, 
Nicola Valley Coal and Coke Co., Ltd., Coutlee, 
BiG: 

No. 22 M.—Mixture of 22 and 22 SP., Middlesboro Colliery, 
Nicola Valley Coal and Coke Co., Ltd., Coutlee, 
Bsr 


Whitehorse Coal Field, Yukon Territory. 


No. Ex. 31—Upper seam, Tantalus mine, White Pass and 
Yukon Railway Co., Ltd., Yukon. 

No. Ex. 32—Middle seam, Tantalus mine, White Pass and 
Yukon Railway Co., Ltd., Yukon. 

No. Ex. 33—Lower seam, Tantalus mine, White Pass and 
Yukon Railway Co., Ltd., Yukon. 
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Nanaimo-Comox Coal Field, Vancouver Island, B.C. 


No. 


No. 


20—Wellington seam, Wellington - Extension Colliery, 
Wellington Colliery Co., Ltd., Extension, B.C. 


. 18—Upper seam, No. 1 mine, Western Fuel Co., Ltd., 


Nanaimo, B.C. 


. 17—Lower seam, No. 1 mine, Western Fuel Co., Ltd., 


Nanaimo, B.C. 


. 21—Lower seam, No. 4 mine, Comox Colliery, Wellington 


Colliery Co., Ltd., Cumberland, B.C. 


. 21 SP.—Lower seam, No. 7 mine, Comox Colliery, Welling- 


ton Colliery Co., Ltd., Cumberland, B.C. 
21 M.—Mixture of Nos. 4 and 7 Mines, Comox Colliery, 
Wellington Colliery Co., Ltd., Cumberland, B.C. 


Alert Bay Coal Field, Vancouver Island, B.C. 


No. 


Ex. 34—Suquash mine, Pacific Coast Coal Co., Alert bay, 
Vancouver island, B.C. 
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APPENDIX IV. 


MANUFACTURE AND TESTING OF COKE. 


BY 


EDGAR STANSFIELD and J. B. PORTER. 


DETAILED RECORDS OF COKING TESTS. 


An account is given of the methods employed in the coking tests in 
Vol. I, pp. 213-219, and of the preliminary tests, made before the methods 
were decided upon, in Vol. I, pp. 219-222. The following are notes made 
during the course of the tests, and may be studied with advantage in 
connexion with the summary records of the tests which will be found in 
Vol. I, Tables XXIX-XLIV inclusive. 

After a test box of coal had been coked, quenched, and dried, it was 
in every case opened and examined by the writer, with occasional help 
from the coke oven staff experts, and notes made as to the character of the 
coke and any special points observed. In the case of cokes made at Lille and 
Coleman, this examination was done at McGill; in all other cases it was 
done at the coke ovens—such notes are marked (a). 

A typical sample of the coke was then taken, which was afterwards, 
at McGill, divided into four similar samples of about three or four pounds 
weight (required for different purposes). This work was done by three 
members of the staff, who made notes which are marked (b). One of 
the above four samples was placed in a tray, and the trays were arranged 
for inspection according to the geographical order of the source of the coal. 
These tray samples were then carefully examined and compared and notes 
made by Dr. J. B. Porter, assisted by E. Stansfield, or by E. Stansfield, 
assisted by W. B. Meldrum. These notes, which are marked (c), usually 
took the form of classifying the cokes according to the following scheme :— 

A=good commercial coke—subdivided-++A, A, —A. 

B=poor commercial coke—subdivided+B, B, —B. 

C=an agglomerate, not commercial coke—subdivided+C, C,—C. 
D =non-agglomerating. 

The first inspection had the great advantage that the whole quantity 
of coke produced was under inspection, and its behaviour whilst it was 
being broken up for removal from the box gave considerable insight into 
its character. The tests in the Sydney district lasted over a month, and 
the tests in the Crowsnest district were unavoidably delayed until over 
six months later, so that it was impossible to maintain a uniform 
standard of criticism—a fair coke among a number of poor cokes would 
inevitably be regarded more favourably than the same coke, had it been 


examined about the same time as a number of good ones. 
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The second inspection was of a smaller quantity of coke, but had 
this advantage that all the cokes made in each district were examined about 
the same time and the hardness, etc., of the coke could be noted when the 
pieces were broken with a hammer. 

At the third inspection, a still smaller sample was available and this 
could not be broken up, but all the samples from both districts were spread 
out at once for inspection, and as from time to time trays under inspection 
were taken back and compared with those already judged, it was possible 
to maintain a very constant standard of classification. 

Where the notes included comparisons between cokes produced from 
coals from different collicries it has been thought better to omit such 
comparisons. 


AVERAGES OF ANALYSES OF COKES FROM FRESH COALS. 


For purposes of ready comparison, etc., average values have been cal- 
culated for the chemical and physical properties of the different cokes, 
classified under the coal fields from which the coals came, and according to 
the ovens in which the cokes were made. In calculating these averages, 
only those cokes are considered which were made from coals that had been 
mined less than one month before they were coked; only one coal had been 
mined more than half a month. These averages are shown in Table 1: 

Line 3 of the table gives the number of samples included in each 
average analysis; it will be fairly obvious that it is not possible to consider 
the difference, for example, between the average coke from Sydney coals 
coked in Otto-Hoffman ovens, and the average coke from Sydney coals 
coked in Bernard ovens, as due simply to the difference of oven, since 
different coals were coked in the two places. 


COKING TESTS MADE BY MR. T. C. DENIS IN THE OTTO-HOFFMAN 
OVENS AT SYDNEY, JUNE 20-22, 1908. 


Metal drums were used for these tests about 18” long by 83” diameter ; 
all coked for 41 hours. 
Coal Ex. I, No. 1 Opening, Granite Creek, B.C. 44 lbs. dry coal, coked 
dry. 
(a) Non-coking. 
Coal Ex. 201, No. 1 Opening, Granite Creek, washed coal. 44 lbs. dry 
coal, coked dry. 
(a) Non-coking. 
Coal Ex. 2, No. 2 Opening, Granite Creek. 44 lbs. dry coal, coked dry. 
(a) Fair coke. 
Coal Ex. 202, No. 2 Opening, Granite Creek, washed coal. 44 Ibs. dry 
coal, coked dry. 
(a) Excellent coke. 
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Coal Ex. 3, No. 4 Opening, Granite Creek. 44 lbs. dry coal, coked dry. 
(a) Decidedly non-coking. 

Coal Ex. 203, No. 4 Opening, Granite Creek, washed coal. 44 lbs. dry 
coal, coked dry. 

(a) Decidedly non-coking. 

Coal 22, Jewel seam, Middlesboro colliery, Nicola Valley Coal and 
Coke Co., Ltd., Coutlee, B.C. 44 ]bs. dry coal, coked dry. 

(a) Non-coking. 

The above drums were divided between two ovens, in each of which 
was also coked a drum containing about 55 pounds of moist, washed, 
Dominion Coal Co.’s coal, as charged into the ovens. The comparisons 
between these cokes and samples of coke produced at the same time in the 
open oven are given in Vol. I, pp. 219-220. 


COKING TESTS MADE IN BATTERY IX OF THE OTTO-HOFFMAN OVENS 
OF THE DOMINION IRON AND STEEL CO., AT SYDNEY, C.B., 
DECEMBER 1908 AND JANUARY 1909. 


Preliminary Tests—Age of Coal. 


Three coals were chosen for this test; the boxes containing them were 
charged into Oven 18, Battery IX, on Dec. 22, 1908, the oven was pushed 
41 hours later. The boxes came out in good condition, the lids had sunk 
1 or 2 inches. 3 

Box 1, fresh Phalen seam coal from Dominion Coal Co., washed, as 
charged into ovens at the time. Coke C 1. 

Weight of moist coal, 384 Ibs. 

(a) Coke was excellent, very little small coke at the top, regular 
fracture, some larger cells in the centre but no sponge. 

(b) Good ring, minimum of breeze, if anything slightly stronger 
than the next sample, also on the whole slightly cleaner in appearance, 
although there was more sooty coke. 

Box 2. Coal 38, about 6 months old, Phalen seam coal from Dominion 
Coal Co., No. 1 colliery. Coke C1/38. 

Weight of dry coal, 374 lbs; of moist coal, 48 lbs; water in coal as 
coked =12-8 per cent. 

(a) Coke was excellent, very little small coke on top. A good 
piece of this coke, when shown to an expert, in comparison with a good 
piece of the previous sample, was with some hesitation picked as 
being from the older coal. The fact that this coal was unwashed 
might almost account for any difference. 

(b) Decidedly good hard coke. 

Box 8, Coal 12, about 17% month’s old coal from the No. 3 pit of the 
Nova Scotia Steel & Coal Co. Coke C1/12. 
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Weight of dry coal, 364 lbs.; of moist coal, 41 lbs.; water in coal as 
coked =11 per cent. 

(a) Coke was quite good at the bottom, although even here not so 
good as in boxes 1 and 2; at the top of the box there was a layer, 2” or 

3” thick, of very poor coke in which some of the original pieces of 

coal could be seen. A good piece of this coke was immediately 

detected as inferior to the two previous samples. 
(b) Fair coke, breaks up rather easily. 

The choice of coals for this test was unavoidably unsatisfactory as 
no strictly comparable coals of different ages were available; the fresh coal 
was washed and the two older coals were not; moreover, it was learned later 
that coal 12 is not regarded as a very good coking coal, even when fresh. 
The above was fortunately of little moment, as the verdict arrived at—that 
the coking quality of coal, even when stored carefully in sacks, does 
deteriorate somewhat with age, although not as much as is sometimes sup- 
posed—was confirmed by later tests on comparable coals. It was, however, 
shown that different coals varied very much in their susceptibility to aging. 


Preliminary Tests—Time of Coking. 


Boxes were filled as uniformly as possible with moist washed coal such 
as was being charged into the ovens at the time. This was Phalen seam 
coal from the Dominion Coal Co., washed at the washery of the Dominion 
Iron & Steel Co.; it is afterwards referred to as D.I. & 8. Co. coal. These 
boxes were charged into different ovens where they were coked for different 
lengths of time. The 41 hour coke and the two 48 hour cokes were tests 
made primarily for other purposes, but as they are strictly comparable 
with the rest, they are included to complete the series. Battery X was off 
for repairs at this time, which was said to reduce the draught and heat of 
Battery IX. Battery X went into commission again about the New Year. 


30 Hour coke, C 11. Charged into oven, Dec. 28, 1908. 

Weight of moist coal, 43 lbs. 

This sample was the result of an attempt to make 24 hour coke. The 
box was charged into an oven, into which less coal than usual was subse- 
quently introduced, but even so it was not found possible to push the oven 
after 24 hours, as a large quantity of volatile matter was still left in the 
coal. The doors were left loose and the oven pushed six hours later. Air 
could get in past the doors in the last period, and the resulting combustion 
of the coke would probably produce an unusually hot oven. 

(a) Normal good coke in appearance. 


36 Hour Coke, C 12. Charged into oven, Dec. 26. 
Weight of moist coal, 45 lbs. 

(a) Normal good coke in appearance. 
41 Hour Coke, Cod, Charged into oven, Dec. 22. 
Weight of moist coal, 38% lbs. 
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(a) Coke was excellent, very little small coke at the top, regular 
fracture, some larger cells in the centre but no sponge. 

48 Hour Coke, C &. Charged into oven, Dec. 23. 

Weight of moist coal, 414 lbs. 

(a) Good coke with very little small. 
48 Hour Coke,C 7. Charged into oven, Dec. 24. 
Weight of moist coal, 434 lbs. 

(a) Quite good coke. 

60 Hour Coke, C 13. Charged into oven, Dec. 29. 

Weight of moist coal, 43 lbs. 

(a) Good, silvery grey coke, probably better than ordinary, but 
hardly as good as the 72 hour coke. 

72 Hour Coke, C 14. Charged into oven, Dee. 23. 

Weight of moist coke, 445 lbs. 

(a) Excellent silvery grey coke, the best coke produced in tests 
made up to this time. 

In general, (a) the cokes were good from all the tests but improved 
with the time. The 72 hour coke was the best produced up to then, and the 
60 hour not much worse. 

(b) Samples C11-Cl4 classified by ring and appearance were 
placed in the correct order; classified by sound alone, C12 was placed 
too high. The longer time of coking brightens and hardens the coke. 


Preliminary Tests—Position in Oven. 

Four boxes were filled as usual with D.I. & 8. Co. coal; three of 
these were fastened to three platforms of a rough lumber frame, which was 
then pushed into an empty oven, and the fourth box pushed along the floor 
of the oven to the foot of the frame. In this way one box was resting on the 
floor of the oven, the others being supported on successive steps of 
1’-4” in height. There was an unexpected delay of nearly five minutes 
in charging coal into the oven, during which time the frame burned 
fiercely. The latter, however, held the boxes up until they were 
supported by the coal charged into the oven, as the boxes still maintained 
their original relative positions when the coke was pushed, although they 
had sunk with the contraction of the charge during coking. The boxes 
were charged into the oven on Dec. 24, and coked for forty-eight hours. 


Box on floor of oven. Coke C7. ; 
Weight of moist coal, 484 Ibs. Yield of dry coke from dry coal= 
70-6%. 


Box supported 1'—4” above floor. Coke C8. 
Weight of moist coal, 434 lbs. Yield of dry coke from dry coal =70-4%. 


Box supported 2’—8" above floor. Coke C9. 
Weight of moist coal, 423 lbs. Yield of dry coke from dry coal =70-8%. 
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Box supported 4’—0" above floor. Coke C10. 


Weight of moist coal, 433 1bs. Yield of dry coke from dry coal =70-2%. 
This top box was not entirely protected by coal, one of the top corners of 
the box being burned away. The coke did not appear to be burned. 

(a) The coke in all four boxes was quite good, but samples C7 
and C8 were perceptibly better than C9 and C10. There was hardly 
any perceptible difference between C7 and C8, one piece of C7 looking 
better than a piece of C8, and vice versa with other pieces. C9 was 
perhaps a trace better than C10, but not very noticeably so; The 
average of C7 and C8 was, however, noticeably better than the average 
of C9 and C10. The coke in the two lower boxes was firmer and 
harder than in the two upper ones; in the lower boxes there were also 
less open structure and less breeze. 

(b) Previous opinion confirmed. 


Preliminary Tests—Compression of Coal. 


Two boxes 18” & 16” X 10” were filled with D.I. & 8S. Co. coal; 
- the first box was filled with as little compression of the coal as possible; 
the second box was filled, little by little, each layer being pressed well down 
before more coal was added. In each case the lid was rivetted in position 
so that it could not come out or get pressed farther in. The boxes were 
charged on Dec. 28, and coked for 48 hours. 


Uncompressed Coal, Coke C16. 


Weight of moist coal, 743 lbs. 
(a) Normal good coke. 


Compressed Coal, Coke C16. 


Weight of moist coal, 964 lbs. This box was filled about $” to 1” 
fuller than the previous box. 

(a) Normal good coke, but somewhat denser than usual. There 
was very little difference between the samples except that the compressed 
coal produced the denser coke. 

(b) Coke C16 denser and brighter than C15. 


Preliminary Tests— Moisture in Coal. 


Three boxes were filled with D.I. & S. Co. coal, one dry, one ordinarily 
damp, and the third very wet; these were charged into an oven on Dec. 
23, and coked for 48 hours. 


Dry Coal, Coke C4. 

Weight of moist coal, 474 lbs; weight after drying, 423 lbs.; moisture 
in original moist coal, 10-5 -per cent. 

Moist coal was taken as usual and weighed in a box; the coal was then 
divided among 4 boxes and dried on an electric oven over night, and inside 
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it for about six hours the next day; the oven was supposed to keep at 110°C. 
The coal was then brought back to its original box and reweighed; a little 
dust would be lost and the coal was probably not absolutely dry. 


(a) Good coke; but there was a good deal more small coke on the 
top of the box than was the case with the ordinary wet coal. The 
quality of coke at the bottom was not apparently different. 


Ordinary wet coal, Coke Cé. 
Weight of moist coal, 413 lbs. Probably about 10 per cent water. 
(a) Good coke with very little small. 


Very wet coal, Coke C6. 

Weight of wet coal, 54 lbs. 

This coal was taken from the top of one of the washery draining tanks 
just under a spout; it was rather smaller coal than usual, and as it was not 
very wet, water was poured into the box during the filling process and the 
coal stirred with a stick. The box was left to drain for half an hour before, 
weighing. The result of the thorough wetting of the fine coal was that the 
coal settled down more compactly than usual into the box. 


(a) The coke was more friable on the top and in the centre than 
C5, but not so much so as C4; the best coke in C6 was hardly as good 
as the best coke in C5. (Mr. Lucas preferred C6 to C5, presumably on 
account of its greater density). 


(b) There is very little choice between C4, C5, and C6. C4 is 
the hardest and gives the best ring when hit; C5 contains more soot 
than C4, also it is not quite so strong; it is the dirtiest and yet the 
brightest in spots. C6 is very close to C5. 


Preliminary Tests—Yield of Coke. 


In order to compare the yields of coke obtained in box tests with those 
obtained in commercial practice, a sample of D.I. & 8. Co. coal was dried 
for three days on an oil-cloth on a cool part of the boiler flue, weighed, 
moistened, put in a box, and coked in the usual way for 48 hours. Charged 
about January 7. 

Weight of dry coal, 42 lbs.; water in coal as coked 7 -9%; yield of dry 
coke from dry coal, 72.3%. 


(a) Box came out in good condition; the coke was practically as 
usual, but possibly a trace more slaty matter visible. 

Careful tests made some years before on a single oven showed 67% 
commercial coke and 2% breeze produced from dry, washed coal; this 
practice had been gradually improved until at the time the above test was 
made the yield was about 70% commercial coke and 1-5% breeze, or 
71-5% in all, as compared with 72-37% in the box test. 
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Preliminary Tests—Comparison of Open Oven with Box Coke. 


A sample of coke, C83, produced from D.I. & 8. Co. coal in the usual 
way in an Otto-Hoffman oven, was taken to represent the average output 
of an oven. 

(b) Compared this coke with Cl, which is the same coal coked 
for the same time, 41 hours, in a box. More soot than in Cl, but no 
more than in some other similar cokes; apparently less dense. 

(c) Open oven coke is a trifle duller and more porous on the 
average than box coke; this impression is possibly due to extra density 
of inch of skin next to the box. 


Blending Tests. 


A few blending tests were added to the regular coking tests in order to 
ascertain the possibility of converting anthracite or lignite screenings into a, 
merchantable product, by means of coking, after blending with a good. 
coking coal. 


1 part coal 23M with 2 parts D.I. & S. Co. coal. 


Coal 23M was an anthracite coal from the Bankhead Colliery, Alta. 

16 lbs. of 23M and 35 lbs. of moist D.I. & 8. Co. coal were mixed well 
together and moistened on an oil-cloth, then pressed down into a box and 
coked for 48 hours. 

(a) A fair commercial coke; the larger particles of anthracite still 

show; by using anthracite dust, very well mixed in, it should make a 

useful coke. 

(b) Breaks up rather easily, producing breeze. 
(c) Class B. 


1 part coal 23M with 2 parts coal 31. 


Coal 31 was from the No. 3 mine, Michel colliery, B.C. 
16 lbs. of 23M and 32 lbs. of 31 were mixed, damped, boxed, and coked, 
as before. 
(a) A fair coke cementing together particles of unchanged anthra- 
cite. 
(b) Produces a good deal of breeze, no regular fracture. 
(c) _ Class—B. 


2 parts coal 238M with 3 parts coal 26. 


Coal 26 was from No. 5 mine, Coal Creek, Fernie, B.C. 
20 Ibs. of 23M, crushed to pass a wire screen of 4 mesh to the inch, 
and 30 lbs. of 26 were treated as before. 
(a) Coal coked to a dry crumbly mass showing particles of 
original anthracite; probably of no commercial value. 
(b) Soft and friable, producing a lot of breeze. 
(c) Class+C. 
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1 part coal 26 with 2 parts coal 20. 


Coal 25 was an anthracitic coal from the Old mine, Canmore, Alta., 
coal 20 was from the Wellington seam, Wellington-Extension Colliery, 
Vancouver island. 

Took 16 lbs. of 25 and 32 lbs. of 20 and treated as before. 

(a) Hardly a commercial coke; had only just coked and there 
was a lot of loose breeze, a lot of the particles not having fused at all. 

(b) Friable coke, no regular cleavage. 

(c) Class—B. 


1 part coal 2040 with 2 parts coal 31. 


Coal 2040 was a lignite from Taylorton, Sask., and coal 31 was from 
Michel, B.C. 
Took 16 lbs. of 2040 and 32 lbs. of 31 and treated as before. 

(a) Coke might possibly be of some commercial use; the particles 
of lignite were all there unchanged, but cemented into the body of the 
coke. 

(b) Soft, friable, dull looking coke. 

(c) Class—B. 


Coking Tests of Regular Coals. 


Coal 60.—North Atlantic Collieries, Port Morien, N.S., Gowrie seam. 

Coke C1/50. Age of coal when coked less than 2 month. 

Dry coal coked, 49§ lbs. Water as coked, 8-4%. Charged to oven, 
Jan. 17, 1909. Coked 40 hours. 

(a) The coke was insufficiently quenched and showed signs of 
burning. Sound coke to top, on the whole fairly good quality, although 
breaking up rather easily. Washing the coal would make a great 
improvement. 

(b) Open cellular coke; breaks up easily but without producing 
much breeze. 

(c) Class—A. 


Coal 36.—Dominion Coal Co., Glace Bay, N.S., Dominion No. 7, Hub 
seam. 

Coke C1/36. Age of coal, under 7 months. 

Dry coal coked, 48 lbs. Water in coal as coked, 9.7%. Charged to 
oven, Jan. 14. Coked 48 hours. 

(a) Box came out of oven in poor condition. Coke looks like coke 
from similar fresh coal, coke C1/2036, the only visible difference being 
that the coke from the older coal was more fragile and broke up into 
smaller pieces when it was taken out of the box. 

(b) Very pretty, but not very strong coke; breaks into curved 
rods. . 

(c) Class+A. More fissured than coke from fresh coal. 


33 


Coal 2036.—Fresh sample of coal like 36. 

Coke C1/2036. Age of coal, under 3 month. 

Dry coal coked, 473 lbs. Water in coal as coked, 11:0%. Coked 
with C1/36. 

(a) Coke shows fair shrinkage, good quality to top; is nice clean 
and bright, but like other cokes from D.C. Co.’s coals has a good deal 
of cross fracture, although this is, if anything, more conspicuous than 
usual with this coal. 

(b) Slightly brighter and stronger than C1/36, and does not 
break up into quite such small pieces. 


(c) Class + A. 


Coal 3.—Harbour seam, Dominion No. 9. 

Coke C1/35. Age of coal, under 7 months. 

Dry coal coked, 49 Ibs. Water in coal as coked, 7-8%. Box charged 
to oven Jan. 14. Coked 48 hours. 

(2) Box came out in bad condition and some coke was lost. 
Coke like that from similar fresh coal, C1/2035, only slightly less 
cellular; sound to top with regular cleavage but breaks up rather 
easily, owing to cross fractures. 

(b) Good hard coke. 

(c) Class A. 


Coal 2035.—Fresh sample of coal like 35. 
Coke C1/2035. Age of coal, under 2 month. 
Dry coal coked, 48 lbs. Water as coked, 10-3%. 
Coked with C1/35. 
(a) The coke was fairly tight in the box. Good coke, open cell 
structure, sound to top, regular cleavage, but rather smoky. 
(b) Not noticeably different from C1/35. 
(c) Class A. Rather brighter and better than C1/35. 


Coal 35 SP. Phalen seam, Dominion No. 5. 

Coke C1/35 SP. Age of coal, under 7 months. 

Dry coal coked, 47 lbs. Water as coked, 7-6 per cent. Charged 
Jan. 14, and coked for 48 hours. 

(2) Good sound coke to top of box. Ordinary good coke in 
appearance, regular cleavage, but cross fractures cause the coke to 
break up somewhat. 

(b) Good strong coke. 

(c) Class A. Slightly inferior to C1/35. 


Coal 2036 SP. Fresh sample of coal like 35 SP. 

Coke C1/2035 SP. Age of coal, under 4 month. 

Dry coal coked, 47 lbs. Water as coked, 10-6%. Coked with C1/355P. 
(a) Good sound coke to top of box. Coke had regular cleavage, 

etc., like cokes C1/35 and C1/2035. 
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(b) Not noticeably different from the coke from the older coal 
C1/35 SP. | 

(c) Class A. Very little difference between the cokes from the 
fresh and old coals, both slightly inferior to C 1/35. 


Coal 38. Phalen seam, Dominion No. 1. 

Coke C1/38. Age of coal, under 7 months. 

Dry coal coked, 49 lbs. Water as coked 8-5%. Charged Jan. 17, 
and coked for 40 hours. 

(a) Good strong coke, sound to top of box, regular cleavage, breaks 
up into curved rods. Rather smoky but otherwise looks very nice. 

(b) Decidedly strong coke; better than cokes made from same 
or similar fresh coal in the Bernard ovens at Sydney Mines, cokes, 
C3/38, and C3/2038. 

(c) Class + A. Better than coke C 3/38. 


Coal 37. Emery seam, Dominion No. 10. 

Coke C1/387. Age of coal, under 7 months. 

Dry coal coked, 484 lbs. Water as coked, 6-0%. Charged Jan. 14, 
and coked for 48 hours. 

(a) Box came out in poor condition. Very fair coke, possibly a 
trace dirtier and more fragile than coke from similar fresh coal, but 
the difference was too slight to be convincing. 

(b) Not very strong coke, contains a good deal of soot and visible 
slate. 

(c) Class+B. 


Coal 2037. Fresh sample of coal like 37. 
Coke C1/2037. Age of coal, under $ month. 
Dry coal coked, 463 lbs. Water as coked, 11-3%. Coked with C1/37. 
(a) Very fair coke. Not so pretty looking as coke C1/36, but 
does not break up so small. 
(b) Harder and less fragile than coke C1/37 and also shows less 
sooty matter. 
(c) Class —A. 


Coal 39. Lingan seam, Dominion No. 12. 

Coke C1/39. Age of coal, under 7 months. 

Dry coal coked, 474 lbs. Water as coked, 10-6%. Charged Jan. 17, 
and coked for 40 hours. 

(a2) A good strong coke, sound to top, very much like C1/38; 
regular cleavage, markedly curved; a little smoked, but nice looking 
coke. 

(b) Bright, hard coke, but breaks up rather easily. 

(c) Class A. Better coke than that from same coal coked in 
Bernard oven. 
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Coal 12. Nova Scotia Steel and Coal Co., Sydney Mines, N.S. No.3 
colliery. 

Coke C1/12. Age of coal, under 173 months. 

Dry coal coked, 363 Ibs. Water as coked, 11 -0%. Charged Dec. 22, 
and coked for 41 hours. 


(a) Coke was quite good at the bottom, but at the top of the box 
there was a layer 2” or 3” thick of very poor coke in which some of 
the original pieces of coal could be seen. 


(b) Fair coke, breaks up rather easily. 


(c) Class + B. Better coke than that from same coal coked in 
Bernard oven, C3/12. 


Coal 14. Inverness Railway & Coal Co., Inverness colliery, N.S. 
Coke C1/14. ° Age of coal, under 163 months. 

Dry coal coked, 503 lbs. Water as coked, 8-0%. Charged Jan. 4, 
and coked for 48 hours. 


(a) Box was broken and half the contents lost. Had not coked 
although a little had caked. 


Coal 15. Richmond Ry. Coal Co., Port Hood colliery, N.S. 

Coke C1/15. Age of coal, under 163 months. 

Dry coal coked, 474 lbs. Water as coked, 8-4%. Charged Jan. 4, 
and coked for 48 hours. 


(a) Not commercial coke; a lot of loose material at the top, the 
rest caked with a suspicion of coking close to the sides and bottom; 
sulphur visible at top. 

(b) Friable agglomerate, showing a coking tendency at the out- 
side. 


(c) Class + C. 


Coal 2004. Acadia Coal Co., Stellarton, N.5. A second sample from 
the Six Foot seam, Vale colliery. F 
Coke C1/2004. Age of coal, under 16; months. 
Dry coal coked, 494 lbs. Water as coked, 8-6%. Charged Jan. 3, 
and coked for 48 hours. 

(a) Not commercial coke. Top layer loose, below that caked, 
but not more than 1” or 2” really coked. 

(b) Friable agglomerate, showing a coking tendency at the 
outside. 

(c) Class + C. No good. 


Coal 16. Foord seam, Allan Shaft colliery. 

Coke C1/16. Age of coal, under 165 months. 

Dry coal coked, 47 lbs. Water as coked 10-:2%. Charged Jan. 10, 
and coked for 48 hours. 
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(a) Excellent coke, sound to top of box; hardly so strikingly good 
as that from the fresh similar coal, C 1/2016; not so much shrinkage 
and harder to remove from the box. 

(b) Good, hard, strong coke. 

(c) Class A. Good, strong coke, but still showing some original 


erains. 


Coal 2016. Fresh sample of coal like 16. 
Coke C1/2016. Age of coal, under $ month. 
Dry coal coked, 443 lbs. Water as coked,6-6%. Coked with C1/16. 
(a) A very excellent coke, sound to the top of the box; some 
shrinkage, resulting in very regular cleavage. 
(b) Excellent coke, slightly brighter and harder than C 1/16. 
(c) Class + A. An exceptionally good coke. 


Coali. Third seam, Albion colliery. 
Coke C1/1. Age of coal, under 21 months. 
Dry coal coked, 49 lbs. Water as coked, 8-2%. Charged Jan. 3, 
and coked for 48 hours. 

(a) Notacommercial coke. A lot of loose coal on the top, and 
the rest more caked than coked. 

(b) Soft, friable agglomerate, not really bonded. 

(c) Class C. Merely agglomerate, no commercial value. 


Coal 2. Cage Pit seam, Albion colliery. 
Coke C1/2. Age of coal, under 21 months. 
Dry coal coked, 46 lbs. Water as coked, 7-8%. Charged Jan. 10, 
and coked for 48 hours. 

(a) Box came out badly damaged. Coal had caked for about 
3” round sides and bottom, the rest was quite loose. 

(b) Dirty agglomerate, no true coke. 

(c) Class C. Merely agglomerate, no commercial value. 


Coal 2002. Fresh sample of coal like 2. 
Coke C1/2002. Age of coal, under $ month. 
Dry coal coked, 46 lbs. Water as coked, 8-2%. Coked with C1/2. 
(a) Coke sound to top of box, not much shrinkage; coke slightly 
burned owing to insufficient quenching. A good commercial coke fit 
for any blast furnace. 
(b) Good, hard, dense coke, regular fracture; shows no resem- 
blance to the coke from the old coal from same seam, C1/2. 
(c) Class—A. Good, strong, silvery coke; still, however, showing 
original fragments on outside. 


Coal 8. Main seam, Acadia colliery. 

Coke C1/8. Age of coal, under 21 months. 

Dry coal coked, 48% lbs. Water as coked, 8-0%. Charged Jan. 10, 
and coked for 48 hours. 
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(a) Box came out damaged but no coke lost. Coke firm to top, 
very little shrinkage; a good hard coke fit for anything. 

(b) Good, hard, strong coke, very little inferior to coke from 
similar fresh coal except in lustre. 

(c) Class—A. Good, strong coke. 


Coal 2008. Fresh sample of coal like 8. 
Coke C1/2008. Age of coal, under 3 month. 
Dry coal coked, 473 Ibs. Water as coked, 6- 7%. Coked with C1/8. 
(a) Box came out slightly damaged, probably no coke lost. 
Little shrinkage; rather more loose at the top than usual, otherwise a 
good hard coke fit for anything. 
(b) Dense, hard coke; first class quality. 
(ec) Class A. Slightly brighter and denser than coke C1/8. 


Coal 3. Intercolonial Coal Co., Westville, N.S., Main seam, Drum- 
mond colliery. 

Coke C1/3. Age of coal, under 21 months. 

Dry coal coked, 483 lbs. Water as coked, 7-0%. Charged Jan. 10, 
and coked for 48 hours. 

(a) Box slightly damaged, no coke lost. Coke slightly burned, 
little shrinkage; a good, strong, commercial coke, sound to the top of 
the box, and little, if any, inferior to coke from similar fresh coal, coke 
C1/2008. 

(b) Dense, hard coke; not very regular fracture. 

(c) Class—A. Good, strong coke, slightly dull. 


Coal 2008. Fresh coal, similar to coal 3. 
Coke C1/2003. Age of coal, under 5 month. 
Dry coal coked, 47 Ibs. Water as coked, 7:0%. Coked with C1/3. 
(a) Box badly damaged, but coke sound inside, although slightly 
burned. Little shrinkage; a good, strong, commercial coke, sound to 
top of box. 
(b) Similar to coke C1/3, but harder and much stronger; a 
particularly hard coke to break. 
(c) Class A. Slightly brighter than coke C1/3, but very little 
if any better. 


Coal 49. Cumberland Ry. & Coal Co., Springhill, N.S., No. 1 
Colliery. 
Coke C1/49. Age of coal, under 3 month. 
Dry coal coked, 464 lbs. Water as coked, 8.8%. Charged Jan. 17, 
and coked for 40 hours. 

(a) Sound coke to top of box; regular cleavage but breaks up 

readily into long, thin, curved rods; a first class coke with a very 
metallic ring. 
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(b) Good, hard coke; very regular fracture, breaks up into 
small pieces but no breeze. 

(c) Class A. Strong, compact, and good looking; prisms rather 
small, this is characteristic of all the Springfield cokes. 


Coal 5. Springhill No. 2 colliery. 

Coke C1/5. Age of coal, under 213 months. 

Dry coal coked, 49 Ibs. Water as coked, 7-6%. Charged Jan. 17, 
and coked for 40 hours. 

(a) Badly quenched, burned in centre at top. A good com- 
mercial coke, but shows distinct signs at the top of approaching a 
non-coking condition owing to age. 

(b) Medium good coke, not very strong. 

(c) Class + B. Good looking, but much fissured prismatically. 


Coal 2005. Fresh sample of coal like 5. 
Coke C1/2005. Age of coal, under } month. 
Dry coal coked, 46 Ibs. Water as coked, 9-6%. Coked with C1/5. 
(a) A good coke, sound to top and showing no lack of fusion like 
coke C1/5 did; regular, slightly curved cleavage. 
(b) Medium coke, fairly strong, breaks into curved rods. 
(c) Class—A. Slightly better than coke C1/5, but has the same 
characteristics. 


Coal 6. Springhill No. 3 colliery. 
Coke C1/6. Age of coal, under 213 months. 
Dry coal coked, 493 Ibs. Water as coked, 8-6%. Charged Jan. 17, 
and coked for 40 hours. 

(a) Coke a trace burned at bottom. Coke almost exactly like 
C1/5; a fair coke but with signs of lack of fusion at top. 

(b) Fair coke, but not very strong. 

(c) Class + B; a trace better than C1/5. 


Coal 2006. Fresh sample of coal like 6. 
Coke C1/2006. Age of coal, under § month. 
Dry coal coked, 47 lbs. Water as coked, 10-3%. Coked with C1/6. 
(a) Coke a trace burned, but general appearance unspoiled; an 
excellent coke, sound to top, similar to C1/2005; regular, slightly 
curved cleavage. ! 
(b) Harder and better coke than C1/6; breaks up more into 
curved regular rods. 
(c) Class A. Distinctly better than coke C1/6. 


Coal 7. Maritime Coal, Ry., and Power Co., Chignecto colliery, N.S. 
Coke C1/7. Age of coal, under 21 months. 

Dry “coal coked, 453 Ibs. Water as coked, 7-6%. Charged Jan. 3, 
and coked for 48 hours. 


39 


(a) Box had hole at end, possibly a little lost. Fair coke at 
bottom, not very strong, but fairly good, silvery fracture; at the top 
there was some uncaked coal. New coal might possibly give much 
better coke. 

(b) Very irregular coke, in parts reasonably hard, in other parts 


very friable. 
(c) Class + B. 


Coal 9. Minudie Coal Co., River Hebert, N.S., Minudie colliery. 
Coke C1/9. Age of coal, under 21 months. 
Dry coal coked, 51 Ibs. Water as coked, 7-5%. Charged Jan. 4, 
and coked for 48 hours. 

(a) Box badly damaged, some coke lost, hardly enough quenched. 
Not commercial coke, a lot of loose matter with a slight coking tend- 
ency towards the bottom. Some visible sulphur. 

(b) Soft and friable, had scarcely coked. 

(c) Class—B. 


Coal 43. Canada West Coal Co., Taber, Alta., Canada West Colliery. 
Coke C1/43. Age of coal, under 53 months. Charged Jan. 4, 
and coked for 48 hours. 

(a) Box badly damaged and most of contents eh There were 
some lumps of coked pitch left, but otherwise coal looked unaltered, 
being still quite shiny in parts. 

N.B.—There was no possibility of the above coal coking, but it 
was hoped to get a determination of loss on coking to compare with the 
volatile matter as determined in the laboratory; it was, however, not 
thought worth repeating after the above failure. 


Coal 48. Leitch collieries, Passburg, Alta. Seven Foot seam or No. 1 
Byron. 
Coke C1/48. Age of coal, under 5h months. Dry coal coked, 483 lbs. 
Water as coked, 6-9%. Charged Jan. 4, and coked for 48 hours. 
(a) Little or no shrinkage; good ein coke from top to bottom. 
(b) Bright looking, fair coke, open cellular structure, not very 
strong but does not produce much breeze. 
(c) Class + B. 


Coal 32. Hillcrest Coal & Coke Co., Hillcrest colliery, Alta. 
Coke C1/32. Age of coal, under 8 months. 
Dry coal coked, 464 Ibs. Water as coked, 7-8%. Charged Jan. 2, 
and coked for 48 hours. 

(2) Box damaged at bottom, probably very little coke lost. 
Little, if any shrinkage, coke not firm to the top. The coke itself was 
excellent in colour, hard and porous, but there were a lot of particles 
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of unchanged material; possibly a higher temperature might have 
given a very good coke. 

(b) Bright, good looking coke, but very friable. 

(c) Class + B. 


Coal 33. West Canadian collieries, No. 1 seam, Bellevue colliery, Alta. 
Coke C1/33. Age of coal, under 83 months. 

Dry coal coked, 47 lbs. Water as coked, 6-7%. Charged Jan. 2, 
and coked for 48 hours. 

(a) Box badly damaged, coke a little burned in one place. Little 
if any shrinkage; had coked hard to top, regular cleavage; a fair 
commercial coke, but not enough fusion. 

(b) Good, strong, tough coke; better than C1/28. 

(c) Class + B. 


Coal 28. West Canadian collieries, No. 1 seam, Lille colliery, Alta. 
Coke C1/28. Age of coal, under 83 months. 

Dry coal coked, 46% lbs. Water as coked, 9-7%. Charged Jan. 2, 
and coked for 48 hours. 

(a) Coal was very wet, but, like most coals, it appeared to 
occupy greater volume after damping than before. Box came out in 
poor condition, probably little lost. Shrinks a little in coking; fair 
coke, hard, but in spots unfused bits of coal. There was some good 
open cell structure at the top. 

(b) Friable coke with a good deal of breeze. 

(c) Class B. 


Coal 34. International Coal & Coke Co., Coleman, Alta., No. 2 
seam, Denison colliery. 

Coke C1/34. Age of coal, under 8 months. 

Dry coal coked, 474 lbs. Water as coked, 6-4%. Charged Jan. 2, 
and coked for 48 hours. 

(a) Coke burned in one small spot. Little or no shrinkage, — 
difficult to remove from box; coke is dense but crumbles when hit 
hard. In the top of the box, especially, there was a lot of coal which 
had sintered together but had not fused to form coke. Probably 
would be of commercial value for copper smelting. 

(b) Medium hard coke, breaks up rather easily but without 
producing much breeze. Contains “white mould” (certain cokes 
contained patches of soft, white, fibrous matter, which resembled 
mould in appearance). 

(c) Class B. 


Coal 84. SP. No. 4 seam, Denison colliery. 

Coke C1/34 SP. Age of coal, under 8 months. 

Dry coal coked, 48 lbs. Water as coked, 7-0%. Charged Jan. 3, 
and coked for 48 hours. 
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(a) Slight shrinkage; good coke with marked cleavage; some 
particles unchanged, probably largely slaty; contains ‘‘white mould”’. 
(b) Fairly hard coke, but cleavage not very regular. 


(c) Class + B. 


Coal 31. Crowsnest Pass Coal Co., No.3 mine. Michel colliery, B.C. 
Coke C1/31. Age of coal, under 83 months. 
Dry coal coked, 48 lbs. Water as coked, 8:6%. Charged Jan. 2, 
and coked for 48 hours. 

(a) The coal was fine and heavy. Not much shrinkage; ex- 
cellent coke up to top of box. 

(b) Dense, hard coke, but breaks up easily. 

(c) Class + B. 


Coal 30. No. 7 mine, Michel colliery, B.C. 

Coke C1/30. Age of coal, under 83 months. 

Dry coal coked, 46 Ibs. Water as coked, 8-9%. Charged Jan. 2, 
and coked for 48 hours. 

(a) Box rather damaged. Irregular cleavage; not commercial 
coke, had caked almost to top, but even in best coke at the bottom 
the shape of some of the original pieces could be seen. 

(b) Very friable coke, not properly bonded; no regular cleavage. 

(c) Class—B. 


Coal 29. No. 8 mine, Michel colliery, B.C. 

Coke C1/29. Age of coal, under 8 months. 

Dry coal coked, 503 lbs. Water as coked, 11-2%. Charged Jan. 2, 
and coked for 48 hours. 

(a) Very hard, and as there was little or no shrinkage, hard to 
get out of box; cleavage not very regular; a fair coke on the whole; 
like the Fernie cokes, but if anything less actual fusion, some pieces 
showing unchanged at the top. 

(b) Moderately good. 

(c) Class + B. 


Coal 27. Crowsnest Pass Coal Co., No. 2 mine, Coal Creek, Fernie, 
BG. 
Coke C1/27. Age of coal, under 82 months. 
Dry coal coked, 47 Ibs. Water as coked, 9-6%. Charged Jan. 1, 
and coked for 48 hours. 
(a) Very little shrinkage; sound coke to centre and top; a good 
coke, very like C1/26. ; 
(b) Strong under hammer. 
(ec) Class + B. 
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Coal 26. No. 5 mine, Coal Creek, B.C. 
Coke C1/26. Age of coal, under 83 months. 
Dry coal coked, 483 lbs. Water as coked, 7-0%. Charged Jan. 1, 

and coked for 48 hours. 

(a) A little spoiled by incomplete quenching. Very little 
shrinkage, a sound coke to centre and top; a good, hard coke. 

(b) Not notably strong, but makes very little breeze in handling. 
More silvery in appearance than the average coke. 

(c) Class+B. 


Coal 25. H. W. McNeil Co., No. 1 mine, Canmore, Alta. 
Coke C1/25. Age of coal, under 83 months. 
Dry coal coked, 47 lbs. Water as coked, 7-4%. Charged Jan. 1, 
and coked for 48 hours. 

(a) Box was in good condition, probably very little spilt. The 
coal was very little changed; there were a few traces of sintering. 

(c) Class D. 
This test was made to determine yield to compare with chemical 
analysis. Loss on coking =18-4% of dry coal. Volatile matter from 
laboratory analysis = 17-2% of dry coal. 


Coal 23 M. Bankhead Mines, Ltd., Bankhead colliery, Alta. 

Coal C1/23 M. Age of coal, under 85 months. 

Dry coal coked, 463 lbs. Water as coked,6-5%. Charged Dec. 31, 

and coked for 48 hours. . 
(a) The lid had sunk about 2” but the coal had _ hardly 

changed at all in appearance. 


(c) Class D. 
This test was made to determine yield to compare with chemical 
analysis. Loss on coking = 12-1% of dry coal. Volatile matter 


from laboratory analysis 12-6% of dry coal. The warping of the 
iron boxes with the heat makes it difficult to ensure no loss when 
taking out of oven, when the contents are not caked. 


Coal 22 SP. Nicola Valley Coal and Coke Co., Coutlee, B.C. 
Rat Hole seam, No. 2 mine, Middlesboro colliery. 
Coke C1/22 SP. Age of coal, under 83 months. 
Dry coal coked, 46 lbs. Water as coked, 7-1%. Charged Dec. 31, 
and coked for 48 hours. 

(a) Box was badly damaged. There was a trace of caking 
through the bottom 3” or 4”; the top was quite loose. 

(ce) Class + C. 


Coal 22 M. Coal from Mines 1 and 2, Middlesboro colliery, B.C. 
Coke C1/22 M. Age of coal, under 83 months. 


eee ee eaaEOeEeEeEeeeeee ee 


Se 


43 


Dry coal coked, 45 lbs. Water as coked, 6.0%. Charged Dee. 31, 
and coked for 48 hours. 
(a) Had not coked at all, bottom 2” or 3” had loosely caked. 
(Sample kept was of caked part.) 
(c) Class C. 


& 


Coal 20. Wellington Colliery Co., Wellington seam, Extension 
colliery, B.C. 

Coke C1/20. Age of coal, under 9 months. 

Dry coal coked, 433 lbs. Water as coked, 8:-7% Charged Dec. 30, 
and coked for 48 hours. 

(a) Shrinks on coking; medium good coke, breaks rather easily; 
vood silvery cell structure in parts but more generally dirty; probably 
would do for iron blast furnace. 

(c) Class—A. 


Coal 18. Western Fuel Co., Nanaimo, B.C., Upper seam, No. 1 mine. 
Coke C1/18. Age of coal, under 9 months. 
Dry coal coked, 434 Ibs. | Water as coked, 8-5%. Charged Dec. 30, 
and coked for 48 hours. 

(a) Caked towards bottom of box, but loose at the top; not 
commercial coke. 


(c) Class C. 


Coal 17. Lower seam, No. 1 mine, Nanaimo, B.C. 
Coke C1/17. Age of coal, under 9 months. 
Dry coal coked, 453 Ibs. Water as coked, 9.7%. Charged Dec. 30, 
and coked for 48 hours. 

(a) No real coke, though a little had caked for 3” at the 
bottom; non-coking coal. 

(c) Class C. 


Coal 21. Wellington Colliery Co., Cumberland, B.C. Lower seam, 
No. 4 mine, Comox colliery. 
Coke C1/21. Age of coal, under 83 months. 
Dry coal coked, 443 lbs. Water as coked, 6-3%. Charged Dee. 30, 
and coked for 48 hours. - 
(a) Shrinks on coking. Hard and dense and not much broken 
up, but not very good looking coke. The centre and top were more 
caked than coke and the whole could only be described as poor coke; 
on the border line of coking; might give good coke at a higher tempera- 
ture, or with fresher coal. 
(c) Class—A. 


Coal 21 M. Mixture of coal from Lower seam, Mines 4 and 7, Comox 
colliery. 
Coke C1/21 M. Age of coal under 83 months. 
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Dry coal coked, 46 lbs. Water as coked, 8-5%. Charged Dec. 30, 
and coked for 48 hours. 

(a) Coke very like C1/21, only distinctly better; more had 
really coked and less only caked. 

(b) Very irregular; some strong. 

(c) Class—A. Better than C1/21. 


Coal Ex. 31. White Pass & Yukon Ry. Co., Whitehorse, Yukon, 
Upper seam, Tantalus mine. 

Coke C1/Ex. 31. Age of coal, under 7 months. 

Dry coal coked, 954 Ibs. (Large boxes were used for four Yukon 
coals). Water as coked, 9-9%. Charged Jan. 6, and coked for 48 
hours. 

(a) Not a commercial coke; coked or caked throughout, but 
coke a dirty grey colour; heavy and crumbly, like dried mortar in 
appearance. 

(b) Dense friable material, very little regular fracture. Con- 
tains ‘“‘white mould;’”’ this was composed of hexagonal or tetragonal 
needle-like crystals. 

(c) Class + C. 


Coal Ex. 2381. Coal Ex. 31, purified by washing. 

Coke C1/Ex. 231. Age of coal, under 7 months. 

Dry coal coked, 85 lbs. Water as coked, 7-6%. Charged Jan. 6, 
and coked 48 hours. 

(a) Little or no shrinkage. Coke was much better and sounder 
than C1/Ex. 31; less crumbly though somewhat similar in appear- 
ance; a poor commercial coke. Contained a good deal of ‘white 
mould.” 

(b) Harder, cleaner, and less friable than C1/Ex. 31; very 
dense, breaks cleanly. 

(ec) Class—B. 


Coal Ex. 382. Middle seam, Tantalus mine. 

Coke C1/Ex. 32. Age of coal, under 7 months. 

Dry coal coked, 95 lbs. Water as coked, 6:9%. Charged Jan. 6, 
and coked for 48 hours. » 

(a) Very like coke C1/Ex. 31. Hardly a commercial coke; 
more like hard mortar than coke, very heavy and contains many 
dirty spots. 

(b) Dirty, friable agglomerate; no regular cleavage. 

(c) Class—C. The Yukon cokes tested, especially the dirtier 
and unwashed ones, contain so much lime that on keeping they tend 
to disintegrate owing to the lime slaking and expanding. 
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Coal Ex. 282. Coal Ex. 82, purified by washing. 

Coke Cl1/ Ex. 232. Age of coal, under 7 months. 

Dry coal coked, 85 lbs. Water as coked, 5-6%. Charged Jan. 6, 
and coked for 48 hours. 

(a) Coke not so good as Cl1/Ex. 231, although better than 
C1/ Ex. 32; might be used as a commercial coke; contains a lot of 
‘white mould.”’ 

(b) Great improvement on Cl1/Ex. 32; very dense, not much 
breeze, but fracture not very regular. 

(c) Class—B. 


Coal Ex. 338. Lower seam, Tantalus mine. 

Coke C1/Ex. 38. Age of coal, under 7 months. 

Dry coal coked, 54 lbs. Water as coked, 12-6% Charged Jan. 6, 
and coked 48 hours. 

(a) All the Yukon coal samples tested were chiefly coal dust, 
any lumps being small, and they were all difficult to moisten. Little 
shrinkage, sound coke to top of box; better than any of above Yukon 
cokes; a very fair commercial coke, probably fit for iron blast furnace 
although there is very little cellular structure; clean fracture, showing 
very curious concentric spherical markings; little or no ‘‘white mould.” 

(b) Dense, hard coke; not much breeze, but breaks up rather 
easily in any direction. 


(c) Class—A. 


Coal Ex. 233. Coal Ex. 33, purified by washing. 
Coke C1/Ex. 233. Age of coal, under 7 months. 
Dry coal coked, 523 lbs. Water as coked, 9-9%. Charged Jan. 6, 
and coked 48 hours. 

(a)’ Little or no shrinkage; good coke, very dense; very much 
the same as Cl1/Ex. 33, not very noticeably cleaner. 

(b) Like coke C1/Ex. 38, but harder and sounder. 

(c) Class—A. 


COKING TESTS MADE IN BEEHIVE OVEN OF THE DOMINION COAL CO., 
AT BRIDGEPORT NEAR GLACE BAY, N.S., JANUARY, 1909. 


All the boxes coked here were charged into the oven on Jan. 18, 
and were coked for 72 hours; unwashed slack coal from Lingan colliery 
was being coked in the oven at the time. 


Preliminary Tests—Comparison of Open Oven and Box Cokes. 


A box was filled with wet slack coal such as was charged into 
the oven, and the coke produced was compared with a typical sample 
of the coke made at the same time in the open oven. 

Box Coke, C81. 
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(a) Coke very bubbly on the top; broke up and tumbled out 
of the box easily; a good commercial coke, but would be greatly im- 
proved by washing the coal. 

(b) Very pretty coke, open texture, not very strong, but does 
not produce much breeze. 

(c) A mere trace more compact than coke from the open oven, 
but otherwise the cokes are the same. 


Open Oven Coke, C82. 

(b) Not so pretty as C81, possibly not quite so strong, 
otherwise almost identical. 

(c) Like C81, but a mere trace less compact. 


Coking Tests of Regular Coals. 


Coal 2035 SP. Dominion Coal Co., Phalen seam, Dominion No. 5, 
N.S. 

Coke C2/2035 SP. Age of coal, under 5 month. 

Dry coal coked, 45 lbs. Water as coked, 6-5%. 

(a) Coke broke up somewhat in turning out of box. A good com- 
mercial coke; bottom half shiny black and large cell structure, top half 
steel grey and denser coke with a good deal of sooty deposit. 

(b) Open cellular structure, dark coloured, produces a good deal of 
breeze. Weaker than the coke from same coal in Otto-Hoffman oven. 


Coal 2008. Main seam, Acadia colliery, N.S. 
Coke C2/2008. Age of coal, under 3 month. 
Dry coal coked, 484 lbs. Water as coked, 7-8%. 

(a) Coke a little burned in one spot. Coke broke up into several 
pieces when taking out of box, cleavage from top to bottom. A good 
strong coke, sound from top to bottom, but shows signs of slate. 

(b) Good strong coke, hard and bright at top, black at the bottom. 


Coal 6. Cumberland Ry. & Coal Co., No. 3 colliery, Springhill, N.S. 
Coke C2/6. Age of coal, under 213 months. 
Dry coal coked, 473 lbs. Water as coked, 5-2%. 

(a) Coke very crumbly, came out of box in one cake together 
with a quantity of loose stuff; not a commercial coke. No sample 
kept. 


Coal 28. West Canadian collieries, No. 1 seam, Lille colliery, Alta. 
Coke C2/28. Age of coal, under 8 months. 
Dry coal coked, 49 lbs. Water as coked, 10-1%. 
(a) Coke came whole out of box. Showed unfused lumps on al 
faces; broke up rather easily into small lumps. 
(b) Distinctly worse than coke from the same coal coked in Otto- 
Hoffman or Bernard ovens. 
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Coal 34. International Coal & Coke Co., Coleman, Alta., No. 2 seam, 
Denison colliery. 

Coke C2/34. Age of coal, under 8 months. 

Dry coal coked, 523 lbs. Water as coked, 9-6%. 


(a) Coke very crumbly, especially at the bottom where there was 
a lot of loose dust. Not a commercial coke. 


(b) Dirty, friable coke, not properly bonded, produces a great 
deal of breeze. 


Coal 31. Crowsnest Pass Coal Co., No. 3 mine, Michel colliery, B.C. 
Coke C2/31. Age of coal, under 83 months. 
Dry coal coked, 51 Ibs. Water as coked, 10.2%. 


(a) Coke came out of box in two pieces, having simply cracked 
vertically across the centre. Very dense, shows pieces of original coal 
or slate unfused; a little crumbly at the top; slight tendency towards 
vertical cleavage, but breaks fairly easily across also. Like other 
Bechive cokes made, not thoroughly coked through, shows “black 
ends” at the bottom. 


(b) Like coke from same coal in Otto-Hoffman oven in appearance 
but softer. 


Coal 26. Crowsnest Pass Coal Co., No. 5 mine, Coal Creek, Fernie, 
B.C. 

Coke C2/26. Age of coal, under 83 months. 

Dry coal coked, 563 lbs. Water as coked, 11-6%. 

(a) Coal was very dusty. Coke appeared cracked upon the top, 
but only broke in two when taken out of box. Showed unfused lumps 
on all outside surfaces and some inside. Breaks up rather easily. 

(b) Not so strong as the cokes from the same coal in Otto-Hoffman 
and Bernard ovens, softer and blacker in appearance. 


COKING TESTS IN THE BERNARD AND BAUER OVENS OF THE 
NOVA SCOTIA STEEL & COAL CO., AT SYDNEY MINES, 


N.S., JANUARY, 1909. 


All the tests at Sydney Mines were made in Batteries 1 and 2 of Bernard 
ovens, except in the case of two boxes which were coked in Bauer ovens; 
the boxes, with 4 exceptions, were coked for 48 hours. Mixed washed coal 
from Mines 1 and 3 of the Nova Scotia Steel & Coal Co. was being coked 
in the ovens at the time the tests were made; this is referred to as N.S. 8. & 
C. Co. coal. 
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Preliminary Tests—Comparison of Bernard and Bauer Ovens, also of Open Oven 
and Box Coke. 


Two boxes were similarly filled with N. 8.8. & C. Co. coal and two witb 
D. I. & S. Co. coal; one of each of the pairs was coked in a Bernard oven and 
the other in a Bauer oven. Two samples were also taken of the open oven 
coke! from the Bernard oven. 

Difficulty was experienced in pushing the Bauer oven on account of a 
soft spot in the vicinity of the two boxes; this was due either to the oven 
having been a little cool, or, more probably, to an extra wet lorry of coal. 


Coke C86 from N. 8. 8. & C. Co. coal coked in Bernard oven 83 
Jan. 23. 
Wet coal coked, 47 lbs. Yield from wet coal, 58-2%. 

(a) A good deal of shrinkage, sound coke to top, breaks up into 
bigger pieces than in the open oven where it breaks up into more rod- 
like pieces. The bottom half was very good, if anything better than 
the regular open oven coke, but the upper half was more cellular; the 
average would be about the same as the open oven coke. 

(b) Fairly strong coke, open cellular structure, not very bright. 

(c) A trace brighter than the open oven cokes C97 and C98, 
possibly due to better quenching. 


Coke C88 from N. 8. 8. & C. Co. coal coked in Bauer oven 18 on 
Jan. 25. 
Wet coal coked, 453 Ibs. Yield from wet coal, 61-2%. 

(a) Good coke and sound to top, nice bright coke. Could not see 
any difference between this and the corresponding Bernard coke, C86, 
except that the bottom and top halves of the coke were more alike in 
C88. 

(b) Very much the same as C86, possibly a trace brighter. 

(c) A mere trifle worse than C86, but a trace brighter than the 
open oven cokes C97 and C98. 


Coke C87 from D. I. & 8. Co. coal coked in Bernard oven 83, Jan. 23. 
Wet coal coked, 494 lbs. Yield from wet coal, 65-4%. 

(a) A good deal of shrinkage, came out of box rather easily. A 
good coke, sound to top, regular cleavage. 

(b) Contains a considerable amount both of silvery and of sooty 
coke; slightly stronger than the corresponding Bauer coke. 


Coke C89 from D.I. & 8. Co. coal coked in Bauer oven 18, Jan. 25 
Wet coal coked, 463 lbs. Yield from wet coal, 68-9%. 

(a) Good coke, sound to top; rather more of the large cell structure 
at the top than usual, this is said to be characteristic of the Bauer oven 
coke. The fracture of the coke in the box was more vertical than in 
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the case of the Otto-Hoffman cokes, probably due to the greater width 
of the Bauer oven. 

(6) Fairly good coke, contains a good deal of smut. 

(c) Almost identical with C 87. 


Coke 97 from N.S. 8. & C. Co. coal, coked in open Bernard oven. 
Sample was taken from coke made towards the top of a Bernard oven. 

(b) Very much like coke from the same coal coked in boxes in 
Bernard and Bauer ovens, C86 and C88. Contains a certain amount 
of soot. . 


Coke 98 from N.S.58. & C. Co. coal, coked in open Bernard oven. 
Sample was taken from coke made towards the bottom of a Bernard 
oven. 

(b) Like C97, but contained a good deal more soot. 

(c) Better than C97. | 


Final Coking Tests of Regular Coals. 


Coal 38. Dominion Coal Co., Phalen seam, Dominion No. 1, N.S. 
Coke C3/38. Age of coal, 7 months. 
Dry coal coked, 55 lbs. Water in coal as coked, 10%. Charged to 
oven, Jan. 26. 
_ (a) Good coke, regular cleavage, fit for anything. 

(b) Good, strong coke, very marked cleavage. 

(c) Not so good as the corresponding Otto-Hoffman coke, C1/38, 
which was classed+ A. 


Coal 2038. Fresh sample of coal like 38. 
Coke C3/2038. Age of coal, under $ month. 
Dry coal coked, 47 Ibs. Water as coked, 6-7%. Coked with C3/38. 
(a) Good coke, regular cleavage; came out of box easily. Was 
regarded as better than C3/38, because it contained more silvery and 
less black coke. 
(b) Very like C3/38, but not quite so strong, contained more soot 
and more silvery coke. 
(c) Class—A. Not completely coked. 


Coal 39. Lingan seam, Dominion No. 12, N.S. 
Coke C3/39. Age of coal, 7 months. 
Dry coal coked, 483 Ibs. Water as coked, 7-9%. Charged into oven 
Jan. 26. 

(a) Had some difficulty in removing from box. An excellent coke, 
if anything slightly better than two preceding cokes. 

(b) Practically the same as corresponding Otto-Hoffman coke, 
‘C1/39. 

(c) Not so good as C1/39. 
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Coal 2039. Fresh sample of coal like 39. 
Coke C3/2039. Age of coal, under 3 month. 
Dry coal coked, 46 lbs. The box of this coal coked with C3/39 had 
been destroyed in the oven; the above box was filled by E. Stansfield, 
but was coked after he had left Sydney Mines on Jan. 30 and 
forwarded unopened to Montreal by Mr. J. McClennan, coke oven 
superintendent. 

(a) Coke quite good, regular fracture, some long rods of coke 
formed. 

(b) Like coke from coal 39 coked in Otto-Hoffman and Bernard 
ovens, but slightly stronger and brighter. 

(c) Class—A. 


Coal 13. Nova Scotia Steel & Coal Co., Sydney Mines, N.S., No. 1 
colliery. 
Coke C3/13 (2). Age of coal, under 175 months. 
Dry coal coked, 50 lbs. Water as coked, 5-0%. Charged into oven, 
Jan. 26. 

(a) Very good looking coke, but breaks up very easily. 

(b) Good, open cellular coke, but not very strong. 

(c) Class —A. 


Coke C3/13 (1). Age of coal, under 173 months. 

Dry coal coked, 52 Ibs. The box of coal 2013, coked together with 
the above box of coal 13, was destroyed in the oven; extra boxes of 
coals 13 and 2013, therefore, were filled by E. Stansfield but coked 
after he had left Sydney Mines, as was described under C3/2039. 

(a) Fair coke, regular fracture, but broke across very easily ; 
contains visible slate, and shows a number of rust spots due to the coke 
having been left wet for some time. 

(b) Same as C3/13 (2). 

(c) Class —A. 


Coal 2013. ‘This was supposed to be a sample of fresh coal like coal 18. 
Actually the slack coal supplied was found to have a far higher ash 
content than the original sample of screened coal. 

Coke C3/2013. Age of coal, under 4 month. 

Dry coal coked, 51 lbs. Coked with C3/13 (1). 

(a) Fair coke, but very friable, probably due to the amount of 
slate, etc., present; also showed rust spots owing to having been left 
wet. Original fracture in box quite regular. Coke very little different 
from C3/18, a trace more fragile, and more slaty, but possibly brighter. 

(b) Like coke C3/18, but breaks up smaller. 

(c) Class—A. Slightly worse than C3/13 as more friable due 
to presence of slate. | 
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Coal 12. No. 3 colliery, Sydney Mines, N.S. 

Coke C3/12. Age of coal, under 173 months. 

Dry coal coked, 52 Ibs. Water as coked, 8-2%. Charged into oven, 
Jan. 26, 

(a) Box was badly squeezed in oven. Black and friable coke, not 
well bonded-at the top, but good coke at the bottom. Said to be better 
coke than C3/2012 or than could ordinarily be made from coal from 
this mine by itself. 

(b) Like the corresponding Otto-Hoffman coke, C1/12, possibly 
a trace harder. 

(c) Not so good as C1/12, which was classed +B. 


Coal 2012. Slack coal from No. 3 colliery, Sydney Mines, N.S. (See 
note to coal 2013). 
Coke C3/2012. Age of coal, under $ month. 
Dry coal coked, 50 lbs. Water as coked, 7-2%. Coked with C3/12. 
(a) Box was placed too near end of oven and was badly burned. 
A black coke which easily breaks up into small pieces; too weak to use 
alone in an iron blast furnace. 
(b) Like C1/12 and C3/12, but more fragile and produces more 
breeze; contains considerable visible slate. 
(c) Class B. Very friable. 


Coal 10. Canada Coals & Ry. Co., Joggins colliery, N.S. 

Coke C3/10. Age of coal, under 21} months. 

Dry coal coked, 51 Ibs. Water as coked, 6-8%. Charged into oven, 
Jan. 25, and coked 50 hours. 

(a) A grey coloured coke, only just coked; a lot of loose material 
at the top and the bulk very weak. A great deal of slate showing, 
also some sulphur. If the coal was washed free from slate it might 
produce commercial coke. 

(b) Dirty, weak coke; no regular fracture; makes a lot of breeze. 

(c) Class B. Scarcely up to eastern standards, but would pass 
in the west. 


Coal 3010. Fresh sample of coal like 10. 
Coke C3/3010. Age of coal, under 1 month. 
Dry coal coked, 52 Ibs. Water as coked, 6-:8%. Coked with C3/10. 
(a) Some good coke, but a great deal of very black or dull grey; 
less slate visible than in C3/10. A commercial coke, though not good. 
(b) Dull black coal, harder and makes less breeze than C3/10. 
(c) Class+B. Darker in colour than C3/10, but harder and 
less friable. 


Coal ii. G. H. King, Kings mine, Minto, N.B. 


Coke C3/11. Age of coal, under 213 months. 
Dry coal coked, 574 lbs. Water as coked, 7-3%. 
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(a) Box damaged in oven, only fragment of coke left in broken 
box, but it looked to be good coke. 

(b) Hard coke, no regular fracture. Not enough coke left to 
make physical tests. 

(c) Class—A. Dense, strong coke. 


Coke 48. Leitch Collieries Ltd., No. 1 or Byron seam, Passburg, Alta. 
Coke C3/48. Age of coal, under 53 months. 

Dry coal coked, 56 lbs. Water as coked, 6-5%. Charged into oven, 
Jan. 27. 

(a) The box was apparently coked wrong side up. A fair com- 
mercial coke; the outside layer, 3” or 4” thick, was very bright, the 
inside distinctly dull. 

(b) Like corresponding Otto-Hoffman coke, but slightly more 
fragile. 


Coal 32. Hillcrest Coal & Coke Co., Hillcrest, Alta. 

Coke C3/32. Age of coal, under 8 months. 

Dry coal coked, 553 Ibs. Water as coked, 6.9%. Charged into oven, 
Jan. 26. 

(a) A passable commercial coke, but very slaty and no regular 
cleavage; it looked as though it would come out of the box in one piece, 
actually it was very difficult to get out and broke up into small pieces. 

(b) Like corresponding Otto-Hoffman coke. 


Coal 33. West Canadian Collieries Co., No. 1 seam, Bellevue colliery, 
Alta. 

Coke C3/33. Age of coal, under 8 months. 

Dry coal coked, 49 lbs. Water as coked, 6.6%. Charged into oven, 
Jan. 26. 

(a) A solid lump of coke, except for one crack across the middle ; 
no regular cleavage, very hard to get out of box. A fair coke 
cementing together slate and unfused particles of coal, more bonded 
at the bottom than at the top. 

(6) Not so good as the corresponding Otto-Hoffman coke, similar 
but not so strong. 


Coal 28. West Canadian Collieries Co., No. 1 seam, Lille colliery, Alta. 
Coke C3/28. Age of coal, under 8 months. 

Dry coal coked, 58 Ibs. Water as coked, 8:5%. Charged into oven 
Jan. 27. 

(a) The box was squeezed in oven; coke quite sound and only one 
crack across, no regular cleavage; very difficult to get from box. Coke 
very fair, but not well bonded. 

(b) Similar to corresponding Otto-Hoffman coke. 
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Coal 80. Crowsnest Pass Coal Co., No. 7 mine, Michel colliery, B.C. 
Coke C3/30. Age of coal, under 84 months. 
Dry coal coked, 54 Ibs. Water as coked, 5-9%. Charged into oven, 
Jan. 27. 

(a) Not a commercial coke; a very little had caked, but most of 
it was a loose powder. No sample kept. 


Coal 29. No.8 mine, Michel colliery, B.C. 

Coke C3/29. Age of coal, under 84 months. 

Dry coal coked, 543 lbs. Water as coked, 8-2%. Charged into oven, 
Jan. 26. 

(a) Cleavage of coke showed that the box had not been lying 
square across the oven. Coke split into big pieces, some loose coke 
at the top of the box; not very good anywhere, but a possible com- 
mercial coke. 

Coal 26. Crowsnest Pass Coal Co., No. 5 mine, Coal Creek, Fernie, 
B.C. 

Coke C3/26. Age of coal, under 83 months. 

Dry coal coked, 544 lbs. Water as coked, 10-3%. Charged into oven, 
Jan. 25, and coked for 50 hours. 

(a) A trace of loose on the top, otherwise good, strong coke from 
bottom to top. Heavy coke, very little cell space, some visible slate. 

(b) Breaks up rather easily, but makes very little breeze. In 
general, like corresponding Otto-Hoffman coke. 


Coal 18. Western Fuel Co., Upper seam, No. 1 mine, Nanaimo, B.C. 
Coke C3/18. Age of coal, under 9 months. 
Dry coal coked, 52 lbs. Water as coked, 8:0%. Charged into oven, 
Jane 27. 

(a) Not a commercial coke; had caked at sides and bottom, but 
mostly a loose dry powder with a limy smell. 


Coal 21 M. Wellington Colliery Co., Cumberland, B.C., Lower seam, 
Mines 4 and 7, Comox colliery. 
Coke C3/21 M. Age of coal, under 85 months. 
Dry coal coked, 53 lbs. Water as coked, 7-6%. Charged into oven, 
Jan. 26. 

(a) Very solid in box. A poor commercial coke, fairly regular 
cleavage, hard and dense, but very dirty. 

(b) Much the same as the corresponding Otto-Hoffman coke, but 
a trace less compact in the hardest parts. 


Coal Ex. 232. White Pass & Yukon Ry. Co., Middle seam, Tantalus 
mine, Yukon Territory. Coal had been washed. 
Coke C3/Ex. 232. Age of coal, under 73 months. 
Dry coal coked, 504 lbs. Water as coked, 16-4%. Charged to oven, 
Jan. 23. 

(a) Dry, crumbly, mortar-like material, of no commercial value. 
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COKING TESTS IN THE BERNARD OVENS OF THE WEST CANADIAN 
COLLIERIES CO., AT LILLE, ALTA., JULY AND AUGUST, 1909. 


16 boxes of coal were coked at Lille, eight in one oven and eight in 
another; they were charged into the oven on August 3 and were coked 
for 48 hours; washed slack coal from the Lille colliery was being coked 
in the ovens at the time. 


Preliminary Test—Comparison of Open Oven and Box Coke. 


Box Coke C120. A box of wet washed slack coal from the Lille 
colliery, such as was being charged into the oven at the time, was 
coked as usual. Weight of wet coal, 47 lbs. Yield of dry coke from 
wet coal, 70-4%. 

(b) Regular cleavage, small shrinkage, good appearance, compact 


coke, does not produce much breeze on breaking. 
(c) Class A. 


Open Oven Coke C121. A sample of coke was taken from the product 
of the two ovens in which the boxes were coked. 

(b) Coke appears to contain slightly less slate than the box ‘coke, 
otherwise much the same; not very good colour. 

(c) Class A. 


Final Coking Tests of Regular Coals. 


Coal 2048. Leitch Collieries, Ltd., No. 1 or Byron seam, Passburg, 
Alta. 
Coke C4/2048. Age of coal, under 3 month. 
Dry coal coked, 514 lbs. Water as coked, 8:3%. 

(a and b) Not much shrinkage; no regular fracture, produces 
breeze when broken, a little visible slate. 

(c) Class +B. 


Coal 2032. Hillerest Coal & Coke Co., Hillcrest colliery, Alta. 
Coke C4/2032. Age of coal, under } month. 
Dry coal coked, 50% Ibs. Water as coked, 10%. 

(a and b) Not much shrinkage and very little fracture; irregular 
fracture producing breeze when broken. Fairly hard coke, contains 
visible slate. 

(c) Class—A. 


Coal 2033. West Canadian Collieries Co., No. 1 seam, Bellevue 
colliery, Alta. | 
Coke C4/2033. Age of coal, under $ month. 
Dry coal coked, 51 Ibs. Water as coked, 9.2%. 

(a and b) Not much shrinkage, no regular fracture; makes breeze 
when broken, fairly compact and strong coke. 

(c) Class +B. 
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Coal 2028. West Canadian Collieries Co., No. 1 seam, Lille colliery, 
Alta. 
Coke C4/2028. Age of coal, under } month. 
Dry coal coked, 49 Ibs. Water as coked, 10.5%. 

(a and 6) Fair shrinkage and fair fracture, but friable coke and, 
therefore, it produces breeze; contains visible slate. 


(c) Class +B. 


Coal 2034. International Coal and Coke Co., No. 2 seam, Denison 
colliery, Coleman, Alta. 

Coke C4/2034. Age of coal, under } month. 

Dry coal coked, 56 lbs. Water as coked, 9.7%. 

(a and b) Not much shrinkage, fracture irregular, very hard to 
remove from box; makes a lot of breeze and contains a good deal of 
visible slate. 

(c) Class—B. 


Coal 2034 SP. No. 4 seam, Denison colliery, Coleman, Alta. 
Coke C4/2034 SP. Age of coal, under $ month. 
Dry coal coked, 503 lbs. Water as coked, 9-2%. 
(a and b) Slight shrinkage, no regular fracture, hard to get from 
box, a lot of visible slate. 
(c) Class B, 


Coal 2081. Crowsnest Pass Coal Co., No. 3 mine, Michel colliery, 
B.C. 
Coke C4/2031. Age of coal, under $ month. 
Dry coal coked, 50 lbs. Water as coked, 8.8%. 
(a and b) Not much shrinkage, fairly regular fracture, not much 


breeze, good, sound coke to top. 
(c) Class A. 


Coal 2029. No. 8 mine, Michel colliery, B.C. 
Coke C4/2029. Age of coal, under } month. 
Dry coal coked,.51 Ibs. Water as coked, 12-3%. 
(a and b) Dense, hard coke, sound to top of box, fair shrinkage, 
good fracture, hard to break, does not produce much breeze. 
(c) Class A. 


Coal 61. Hosmer Mines, Ltd., No. 2 seam south, Hosmer, B.C. 
Coke C4/51. Age of coal, under } month. 
Dry coal coked, 51 lbs. Water as coked, 8-0%. 
(a and b) Very weak coke, no regular fracture, produces a lot of 
breeze, contains a good deal of slaty material or unfused coal. 


(c) Class +C. 
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Coal 62. No. 6 seam south, Hosmer, B.C. 
Coke C4/52. Age of coal, under 4 month. 
Dry coal coked, 483 lbs. Water as coked, 7-2%. 

(a and b) Good commercial coke, not much breeze produced on 
breaking, regular cleavage, slight shrinkage, good colour except in 
centre. 

(c) Class A. 


Coal 58. No. 8 seam south, Hosmer, B.C. 
€oke C4/53. Age of coal, under § month. 
Dry coal coked, 46 lbs. Water as coked, 12.8%. 

(a and b) A very nice looking coke, very regular fracture, breaks 
rather easily along fracture lines to form small pieces, but produces 
very little breeze. Showed rather peculiar markings in the form of 
concentric spherical rings. 

(c) Class A. 


Coal 2027. Crowsnest Pass Coal Co., No. 2 mine, Coal Creek, Fernie, . 
B.C. | 
Coke C4/2U27. Age of coal, under 4 month. 
Dry coal coked, 50 lbs. Water as coked, 10-3%. 

(a and b) Good looking but friable coke, slight shrinkage, a good 
deal of breeze formed. 

(c) Class B. 


Coal 2026. No. 5 mine, Coal Creek, Fernie, B.C. 
Coke C4/2026. Age of coal, under $ month. 
Dry coal coked, 50 lbs. Water as coked, 8-8%. 

(aand b) Dense, good looking coke, fair shrinkage, regular fracture 
sound to top, does not produce much breeze; shows slight spherical 
markings, also some visible slate. 

(c) Class—A. 


Coal 2020. Wellington Colliery Co., Wellington seam, Extension 
colliery, B.C. 
Coke C4/2020. Age of coal, under 4 months. 
Dry coal coked, 43 lbs. Water as coked, 9-8%. 

(a and b) Fair coke, breaks up fairly easily, but does not produce 
much breeze. 


(c) Class—A. 


Coal 2018. Western Fuel Co., Upper seam, No. 1 mine, Nanaimo, 
B.C. 
Coke C4/2018. Age of coal, under 4 months. 
Dry coal coked, 44 lbs. Water as coked, 8-5%. 
(a and b) Considerable shrinkage, fair cleavage, very friable, 
especially at the top; has a limy smell and shows “white mould.” 
(c) Class B. 
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COKING TESTS MADE IN THE BEEHIVE OVENS OF THE INTERNATIONAL 
COAL AND COKE CO., AT COLEMAN, ALTA., AUGUST 1909. 


Three boxes were charged into one oven, and three boxes and one sack 
into another on the morning of August 7. The coking of the charge in the 
ovens appeared to be completed during the night of August 9-10 and the 
ovens were then closed. They were quenched and drawn on August 10, 
74 hours after they were charged. Slack coal from the Denison colliery, 
mixed in the proportion of 2 parts from No. 4 seam to 1 part from No. 2 
seam, was being coked in the ovens at this time; this coal was dry, so the 
boxes of coal coked here were also dry. The boxes were coked on end; the 
regular fracture lines in consequence sloped inwards from the perforated 
lid and downwards. 


Preliminary Tests—Comparison of Open Oven and Box Cokes. 


Box Coke C122. Coal was taken from the top of cars coming out of the 
mine, as nearly as was possible without weighing, in the proportion of 2 
parts from No. 4 seam to 1 part from No. 2 seam. The coal was well 
mixed together; any big lumps found were broken up, and a box filled 
with the raw coal and coked. 

(a and b) Dense soft coke, does not appear completely coked; 
slight regular fracture, but breaks in all directions; some visible slate. 
(c) Class+B. 


Open Oven Coke C123. A sample of coke was taken from the oven in 
which the above box was coked. Physical tests as usual were made on this 
sample, but no notes were made as to its appearance. 


Preliminary Tests—Coking Coal in a Sack. 


Samples of coal are tested by coke manufacturers most frequently by 
coking them in a wooden box or barrel in a regular oven; a sack has been 
recommended as being preferable to a box on account of the ease with which 
the gases can pass out, and because the coal inside is subjected to exactly 
the same pressure as the surrounding coal. A sack of coal was coked in a 
Bechive oven at Coleman; it was found that it was quite easy to separate at 
least the bulk of the coke produced from the surrounding coke, so that in 
this case the method was satisfactory. Very poor coke probably could not 
have been recovered, and neither the sack nor the wooden box method 
allows the yield of coke to be determined. 


Final Coking Tests of Regular Coals. 


Coal 2032. Hillcrest Coal & Coke Co., Hillcrest colliery, Alta. 
Coke C5/2032. Age of coal, under 3 month. 
Dry coal coked, 53 Ibs. 


83—5 
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(a and b) Slight shrinkage, fracture fair, but coke very easily 
broken; colour bright at top but dull at bottom, rather large amount 
of visible slate. 

(c) Class +B. 


Coal 2034 SP. No. 4 seam, Denison colliery, Coleman, Alta. 
Coke C5/2034 SP. Age of coal, under month. 
Dry coal coked, 55 lbs. 
(a and b) Not much shrinkage, no regular fracture, a good deal 
of visible slate, fair colour at the top. 
(c) Class +B. 


Coal 52. Hosmer Mines, Ltd., No. 6 seam south, Hosmer, B.C. 
Coke C5/52. Age of coal, under 3 month. 
Dry coal coked, 53 lbs. 
(a and b) Fairly even fracture, considerably cracked across the 
seams, not much breeze produced, good colour, very little visible slate. 
(c) Class A. 


Coal 2026. Crowsnest Pass Coal Co., No. 5 mine, Coal Creek, Fernie, 
Be, 
Coke C5/2026. Age of coal, under 3 month. 

(a and b) Good coke, very nice appearance, fair shrinkage, regular 
fracture, considerably broken up along fracture lines and came easily 
out of box; breaks rather casily into small pieces, but does not produce 
much breeze. 


(c) Class A. 


Coal 2020. Wellington Colliery Co., Wellington seam, Extension 
colliery, B.C. 
Coke C5/2020. Age of coal, under 4 months. 
Dry coal coked, 48 lbs. 

(a and b) Fair shrinkage, regular fracture, broke up easily into 
prisms of very bright, good looking coke. 

(c) Class A. 


TEMPERATURES OF COKE IN AN OTTO-HOFFMAN OVEN. 


An attempt was made to record the temperatures at different points 
inside the charge in an Otto-Hoffman coke oven throughout the entire 
period of coking; the difficulties of the task undertaken, however, were not 
sufficiently foreseen and guarded against, and the results obtained are too 
unreliable to be worth publishing. The methods employed and the 
difficulties encountered are described below. ; 

Six holes were drilled through the door at the quenching platform end 
of the oven chosen for the tests; three of these were spaced about 18” 
apart down the centre line of the door, the other three were at the same 
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levels but near one side of the door. The observation hole near the top 
made a seventh opening in the door through which a pyrometer fire end 
could be introduced; three of the charging hole covers on the top of the 
oven were also drilled to allow the introduction of a pyrometer. The ten 
holes were stopped with clay when not in use. 

The pyrometer fire ends employed were of nickel and iron, and were 
about 1’ external diameter; 4 ft. rods were used for the end temperatures, 
and 6 ft. rods for the temperatures on the top of the coke. 

The test was begun half an hour after a fresh charge of coal had been 
introduced into the oven; the temperature was taken at each of the ten 
points in order, and this operation repeated every half hour until the coking 
was completed. A hole about 3 feet deep was made into the charge opposite 
the hole in the door by means of an iron rod, and the fire end then pushed 
to the bottom of the hole; through the holes in the charging doors on the 
top a fire end was put down 2” or 3” into the top of the charge. 

The pyrometer fire end had in every case to pass through a hotter zone 
before it reached the point at which the temperature was to be determined; 
as it was made of metal, heat was fairly rapidly conducted along it from 
the hot portion to the nickel-iron junction at the end, and, therefore, the true 
temperature at that point was not recorded. To obviate this difficulty the 
fire ends were always left in for one minute only; this time was possibly all 
right for the lower temperatures at the beginning, but was not sufficient 
for the higher temperatures reached later on, since it was found that a 
different temperature was recorded according to whether the fire end 
was introduced hot or cold. As the temperature continued to rise more 
or less rapidly for some'time if a fire end was left in for a longer period, it did 
not appear to be possible to select any length of time which would be 
sufficient to allow them to attain to the correct temperature without heat 
conduction along them vitiating the result. 

The holes made into the charge opposite the holes in the door became 
enlarged by oxidation and mechanical abrasion until they were compara- 
tively large conical holes, and in one case two holes side by side became 
united; the temperatures at the bottom of such holes could not be expected 
to be the same as in similar positions in the solid coke. 

Four chemists from the laboratory of the Dominion Iron and Steel Co. 
took it in turns to take the pyrometer readings during the forty-cight hours 
for which the charge in the oven was coked. 


ANALYSES OF GAS FROM BERNARD OVENS AT 
SYDNEY MINES. 


In the Bernard ovens at Sydney Mines the gases given off from the 
coal as it is coked are mixed with air and burned in the flues around the 
ovens, the hot products of combustion are led away in large flues and used 
to heat a battery of boilers. Samples of the gas given off during the pro- 
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gress of the coking were taken off from the top of the charges in the ovens 
by means of a long iron pipe passed through the observation hole in the 
door of the oven. Samples of gas were also taken from the flues leading 
from the ovens to the boilers, and from the flue through which the gases 
pass after leaving the boilers. Five holes were drilled into the flues: 
No. 1 was in the flue from No. 1 battery, just where it left the battery and 
sarried the mixed gases from all the ovens; No. 2 was in a corresponding 
position in the flue from No. 2 battery ; No. 3 was in the gas inlet into the 
boiler nearest to No. 1 battery; No. 4 was in the gas inlet into the boiler 
nearest to battery No. 2; and No. 5 was in the exit flue from the boilers. 

An iron pipe of about }” bore and 20 feet long was used to withdraw 
eases from the top of an oven, a shorter pipe was used to take samples from 
the underground flues. Gas was aspirated through the pipe and con- 
necting tubes, and through a glass sample tube of about 20 ¢.c. capacity, 
by means of arubber hand pump or by a couple of large bottles, containing 
water, used as an aspirator, at least 5 litres of gas being drawn through. 
The gas sample tubes were shaped like a cylindrical pipette for liquids, but 
had a constriction in the tube on either side of the bulb; when they were 
filled with the desired gas they were temporarily closed by spring clips on 
the connecting rubber tubes, taken to the laboratory close by and at once 
sealed off at the constrictions by means of a gas flame. The samples were 
analysed, in Montreal, over mercury in the Bone and Wheeler gas analysis 
apparatus. 


The samples taken were as follows: 


1. January 28, 1909. «Gas from oven 44 at 1.10 p.m. This oven 
was pushed at 1.30 p.m. and at once recharged. 

2. Gas from oven 44 at 2.10 p.m., not a reliable sample. 

3. Gas from oven 44 at 2.35 p.m. 

4. Gas from oven 438 at 3.45 p.m.; this oven had been charged at 
about 6.30 p.m. the previous day. Had trouble with soot blocking up the 
sampling tubes. 

5. Gas from oven 44 at 4.10 p.m. 
6. January 29, 1909. Gas from hole 1 at 10.30 a.m. 
7. Gas from hole 3 at 11.00 a.m. 

8. Gas from hole 5 at 11.30 a.m. 

9. Gas from hole 4 at noon. 

10. Gas from hole 2 at 1.20 p.m. Battery No. 2 had just been com- 
pletely recharged when this sample was taken. ; 

11. Gas from hole 4 at 1.40 p.m. 

13. Gas from hole 3 at 2.20 p.m. 

14. Gas from hole 5 at 3.05 p.m. 

15. Gas from oven 87 at 3.30 p.m. This oven had been charged at 
3.05 p.m., it had not yet been luted on the windward end when the sample 


was taken. 
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16. Gas from oven 88 at 3.50 p.m. This oven had been charged at 
about 3.00 p.m. the previous day. The wind was blowing a considerable 
quantity of gas out of the end of the oven at the time the sample was taken. 

17. Gas from oven 22 at 4.10 p.m. This oven had been charged at 
10.00 a.m. that day. 

Table II gives the analysis of the gases from the ovens and Table III 
the analysis of the gases from the flues. 


TABLE II 
GAS FROM OVENS 


Sample number............... f . E 4 | 16 | 1 


Time of sampling after charging 
hours 


1 oe ea eee Pee ij 17 29-2 | 27-7 0-7 
ne LY SN ee 4) 35°O 37-7 | 15-1 0-2 
YS PA Pee aA i) Ud 3-6 | 2-9 0-0 

PRR SP oe ee 2-3 1-7 | 5-5 5-9 

3-9 3-4) 7-6 0-0 

OR EE 2k iy ip 8-4 4-5| 0-6 0-3 

NG erry i 34-8 19-9 | 40-6 2-9 


Bn Say bare Oks % 6-8 

Gross calorific value—B.T.U. 
SOO | Se Pe 506 | 532 193 23 

Net calorific value—B.T.U. per 
nn | SER ae ee ter ee 458 | 477 185 | 173 22 


TABLE III 
GAS FROM FLUES 


Samplenumber................ 11 | 8 | 14 
ea ee 5 | 5 
ay EZ OAS eae ee aay J, 9 | 0-0 | 0-0 
BERMAN Ng BE ney bk oe J, -7 0-0 | 0-0 
OO OO, aie ee %, 0 0-0. 0-0 
Carbon monoxide............ / -2 : 0-0} 0-0 
or J, -] . 7+3\ 720 
EEN Fe Ce ert Ws “J . 0-8 | 11-0 
ASL SOE ea anne % ‘0 | 73- 1-9 | 82-0 
Inflammable gas............. qY, 8 | 16-6 ‘0 0-0 


Gross calorific value—B.T.U. 


OE | a ae? 0 
Net calorific value............. 
Net calorific value—B.T.U. per 

ee ta bik as Oe ae ea 0 
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THE STRENGTH OF COKE 


In the report on coking experiments, Vol. I, Part VI, pages 223-5, 
there is a discussion of the relation of the strength of coke to its usefulness; 
and a description of a method of testing this strength and calculating the 
results. 

The method used was, in brief, to crush the sample to just pass through 
a 1” screen; to remove all fines which would pass a 2” screen; and to 
subject 500 grams of the material between 1” and 4” to a pressure of 4200 
pounds in a cylinder of nearly 53” diameter. After leaving this pressure of 
200 pounds per square inch on the sample for 2 minutes, the material was 
removed and sieved through 3”, %”, and ws” screens and the resultant 
products weighed. The strength factor was then determined by dividing’ 
the quantities remaining on each of the respective sizes of sieves, by the 
size of the last sieve the material passed through, and adding the results. 
Thus, in a case cited in which 500 grams were taken, 347 grams were 
still larger than 3”, i.e. passed 1”; 67 grams passed 4”; 31 grams passed 
#s”; and 55 passed x”, and the summation, therefore, equalled (347+ 1) 
+ (67 +4) +(31+ #)+(55+ %) =873=Strength Factor. 

It is obvious that the strength of any coke is greater as this figure is 
less, or, in other words, that the strengths vary more or less exactly as the 
reciprocals of the strength factor. If any one coke is then chosen as 
standard the relative strengths of ‘the other cokes may be obtained by 
dividing their factors into that of the standard. The coke selected as 
standard for the tests reported in Vol. I had a factor of 674, therefore 
the coke given above has a relative strength of 674 +873 =0-772=5. 

Since Vol. I was written some very interesting and valuable experi- 
ments have been carried out by Stadler and others in J ohannesburg,” and 
more recently by Bell, Ball, and others at McGill University, Montreal. 
The result of these experiments is to prove that if a partially crushed hard 
material, such as rock, be first separated by sieving into a series of grades 
or sized products, and the material in each of these grades weighed, and if 
thereafter the graded material be subjected to further crushing and then 
regraded, then the power consumed in this crushing will be found to be a 
function of the change in grade, i.e., a function of the reduction in volume 
of the particles. 

-Stadler’s original paper deals with this matter somewhat elaborately 
and recommends a particular series of sieve sizes and grades giving definite 
ratios of volumes, and, therefore, equally definite energy units for each 
erade, but it also points out the possibility of calculating the equivalent 
grade or energy unit of material sized or graded on sieves of any other 
dimensions. The work done more recently at McGill tends in a general 
way to confirm these conclusions by showing that the power actually con- 


1 By an error in printing in Vol. I, p. 224, the x sign was used in place of the+sign. The results are 
however, correctly calculated. 

2 Stadler, Grading Analyses and their Applications. Bulletin, Institution of Mining and Metallurgy, 
London, May 19, 1910. 
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sumed in crushing several different kinds of rock to different degrees is 
proportional within reasonable limits to the change in grading.’ 

The actual consumption of power in crushing a given quantity of any 
rock depends, of course, not only on the reduction in grade but also on the 
strength or resistance to crushing of the rock concerned, and, therefore, if 
we wish to compare different rocks, the results of tests made on any par- 
ticular kind of rock have to be corrected or reduced to a standard by 
multiplying by a coefficient experimentally determined for that rock. 
These coefficients have only been determined for a very few 
rocks and further work will, no doubt, prove that they vary considerably 
with rocks of the same kind from different localities. It is exceedingly 
likely also that the coefficient for each rock will be found to change as the 
crushing gets down to very fine sizes in which the crystalline structure 
influences the strength. A great deal of work will have to be done before 
the theory of rock crushing can be said to be completely proved and 
definitely reduced to a matter of practical calculation, but even the experi- 
ments already completed suffice to show that Stadler’s method affords us 
a more accurate means than we have heretofore had of determining, either 
the strength of broken rock to resist further reduction in size, or, conversely, 
to determine by calculation the amount of power which has been exerted 
in crushing rock from some previous size to its present grade. 

In reviewing the section of the main report dealing with the strength 
of coke,? it occurred to the writer that it would be well to re-determine the 
strengths by the Stadler method and to compare the results with the 
relative strengths S and 8” determined by the empirical method originally 
employed. Nine samples of coke were withdrawn from the Museum col- 
lection and crushed by the method already described, and average portions 
of the crushed fragments of each sized on the set of sieves originally used 
and the relative strength factors S and S? calculated. The equivalent 
energy units of these sieves were then determined and the relative strength 
of the material was calculated by the Stadler method. As it was difficult 
to arrive theoretically at a satisfactory energy unit for the material 
under 7%”, all of which was lumped in one grade in the original tests, this 
material was screened in each of the 8 recent tests on a series of seven 
standard sieves, from 10 mesh down to 200 mesh, and the energy units 
determined for each grade. The results of these tests’ are set forth in 
Table IV, which requires no further elucidation. 

These tests show that the relative strength factor 8, as originally 
determined, is not satisfactory, in that it does not sufficiently differentiate 
between a strong coke and a weak one. On the other hand, the square 
of this factor, or S” is very fairly in accordance with the result of 
the more recent and more scientific method of testing, and closely in 


1 Ball, Bulletin, Institution of Mining and Metallurgy, London, October, 1911. 

2 Porter, See Vol. I, p. 223. 

3 These tests and the necessary calculations were made under the author’s direction by Mr. E. B.- 
Billington, B.Sc. 
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parallel with it in the cases of cokes of good commercial quality. The 
two methods are less in accordance in the cases of weak cokes, and it has, 
therefore, been thought desirable to tabulate the whole series of results of 
the original crushing trials, and to give not only the relative strengths, 
S and S’, as already reported in the summary, but also the Stadler factors 
as calculated for the series. 

The results of the original tests and of these re-calculations are given 
in extenso in Table VI, which needs no explanation except in regard to the 
determination of the Stadler factor for the material passing through the 
3," sereen. As this material had all been discarded after the original 
tests, and as fresh samples of many of the cokes could not be had, it was 
necessary to assume a factor, and for this purpose the energy units were 
calculated for the fine portions of each of the eight coals tested, as per the 
central section of Table IV. The results are set forth in Table V, from 
which it will be seen that the Stadler factors for all these cokes range 
within the narrow limits between 11-0 and 13-1, and average almost 
exactly 12. This factor of 12 was, therefore, adopted and used in cal- 
culating the energy units given in column 13 of Table VI. 

The above section applies only to the actual strength of the coke. 
In the tests reported in Vol. I it was found better to consider both the 
strength and the porosity of a coke when attempting to judge its com- 
mercial value from a physical standpoint.. The values obtained by 
multiplying the square of the relative strength of each coke (S’) by its 
percentage cell space or porosity (P) appeared to give the best commercial 
classification of the cokes. 
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TABLE VI 


Detailed results of coke crushing tests arranged geographically by coal fields; with the 
relative strengths tabulated, as reported by Mr. Stansfield in the summary tables, Vol. I, Part VI, 
and also the Stadler values and energy units as recently determined. 
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0.77 9.04|2° 220° 76 0-76 
OG 6 See 1-15) 2-40). = 
© 1/2035. .. 1-27| 2-:682-68)0-61) 0-63 
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749| 728)0-927| O- Q- 0-26) 0-86] 2-10/2-0110-86) 0-84 
738 0: 0-32} 0-25] 0-82) 2-05 
Ge NS Sa 789 ‘a 0- 0-25) 1-08} 2-230). = 
go5| 797/0-848) 9.63] 0-35] 0-29] 1-10, 2-37/7 840° /4| 9-2 
RD hse: 426 678 0-26) 0-15] 0-67) 1-79 anges 
C 4/2027 797 al O* Q- 0-33) 1-03) 2-34 : 
Ne ne Sot Liga Q- Q- 0-37) 1-10) 2-52 2 : 
© 2/26..... 963 0-55] 0-39] 0-47| 1-78) 3-19 
oe 205". real Q- Q- 0-2C} 0-77) 1-86 , 
C 4/2026... 435 0: 0- 0-26) 0-77| 2-07 
766} 753/0-892) 0- 0- 0-32! 0-86} 2-18/2-14/0-80) 0-79 
resyy 0- 0- 0-31) 0-94) 2-17 
© 572026 = : raks Q- 0-25) 0-25) 0-74) 1-93 - 
728} 72110-935) O- 0-36] 0-25) 0-77) 2-04!1-98)0-87) 0-85 
720 0: 0-28) 0-23) 0-77) 1-96 


| 
| 
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TABLE VI—Continued 


; 7 ) ] | py e a 
| | el tp te TS | | bs a Stadler’s values for | ®_| _ Relative 
\eqalSsissiagt3 Vs aa: Pep material eed tor: strength 
lo aipS csi Es =| Se teehee 138] 8 | values. 
Coke [Se\S2/Se(= e128] S| c lae =. | % [ae [ela pee 
N ; 2 ~ Oi, | c che Raa aS 13 a 
Number [-su jo! (sl (se! )-3a) &] s ise] | |] F] ss.| 82] g Hse 
/ > : = se he ie —a | @ >) tes oe | . 
Bae | Bee BBR | os OMe es = | et) ear eas 3|e Zax 
i i | | | a | 1 £, oo 1s. ey oo | 3 +» 8 lI 
_— Y iF. ee ee: a SS ns 
SIMILKAMEEN CoaAL-FIELD 
C 1/Ex. 2. || 735 0- 2-082. 030. 84. 0-83 
es eee ete pe a 
C 1/Ex. 202 1:77 | 
/ | Pe 693 1. gal 800: “ 0-94 
i 


C 1/Ex. 3..| 981 ie 687 0-48 


) 1-48 3-243-240.- 47 0-52 


NIcoLA VALLEY CoOAL-FIELD. 


3079-07 O- 0-46 


iZ 


© 1/22SP....| 275 mse 105810-690 0-46 1-94 


| 


NANAIMO COAL-FIELD. 


0-08 0-59) 
| 


©1/20.....| 367| 62| 27) 0-46 0-31 
369 | 52] 33 | | 0-38] 0-38 
C 4/2020. . | 370 | 23 0-46] 0-26 
| 384 | 91 | 0-41) 0-24 
| 376 | 27 0-42 0-31 
376 27 0-43) 0-31 
| 385 24 0-36) 0-28 
| 398 | 21 0-32) 0-24 
C 5/2020...| 384 25 0-44 0-29 
| 389 | 2 0-40) 0-23 
| 358 | 0-53) 0-32 
Pe ivieiko.. ae = een Mg: 
C 4/2018... me 296 | 62 
283 | 86 | 77 
306 | 83 | 
347 55 We 


C1/17.....| 184 109 84 


53 Ves eae 366 
382 


C1/21M. ..| 391 
367 
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930 
864 
45 


| 10JOB,T 


lo 60:1. = ra) oD = > 10 © ora) ~ =H ~ ra) ror) 
2, @ [Prepusys 5, hain a - 2 ie ood ap ie - bal ti ay 
3 Fit Ia[PwVg ° Se [oS , So o ° S| oe oS o ° ° = 
ur) SAN eco eae aay c ss 8 Stel Ce PSE SIT Rae ls a a ee 
mer? 9 Pa eS ee cae is 
—2 = —) o. =) PIS 
a as a a 
[v}0} Uvo]T oO} & . a 0 ibe 
rl rm sats . 
ra) ~ | mks 
7830} ‘s}run olor) 514 
ABINUI 8 ,AITPVIG oe, x) 
| 
= Re) [==) 
Ka “oe wa ro 
& ysnory J, ° 4 
g am | a 
Sr er ; a 
ae oe O oO | ey 
a ,om |oaom |S Sci lias 
ae =H N 
E a | «er tO ee 
= Bo st agora a Ouamlooltro|)loanrt- fra Na | So; eNO She 
D Zug . cha ds ae oO Ng ae Sa Rae a Cig a Reg Pare SRS lp SEA, pe als 
at 4 oo} oo yo l|oo}oojco oo }oo }oo|oo|° 
Serer are ny = OTA Q Se Se ee ee 
< Ne estore = i ee id Sia }|s}]& |e 
pals 8 ll mee 6 (ieee as le al eed 
i a gS Set eet oie & 
LOPOVJ UVOT - ioe) ra S a Lo) it~ ~ t~ ~ I~ 
ce , 3 
9 nN i [1900 | Ox = ae 
ee —) c Hr | o oe) 
wt Oo io) m~rm~ | & ™~ 
& — 
a 
= mI 


survis 
ISO] FYSIO AA 


| suvid= ,9t 
Ysno1yy JUYBIO A 


| survid = ,9t 
| U0 4Y SIO MA 


suiBvis = ,&t 
WO YYSIOM 


SUIvIS = ,% 
WO 4YYSTIO AA 


C 1/Ex. 32.| 304 


C 1/Ex. 31. 
C 1/Ex. 231) 394 


6 
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TABLE VI—Continued 


a a Pe in aan i pe Picrn MN RT CUTIES res Tt TG ac Un pes, 
n Fie eyed ie i a Stadler’s values for | © | _ Relative 
a ¢ Bsiés¢ SEN Sin | oy 2}|e material Sets strength 
Negeialeaa ce esse runt ast eee 3 jn oO; S| values. 
Coke bl ple |e bol aS] S| OS jg s = beh a 
Number j. 4 |-g lo j-g ll |S | Se) s ao 8 we | 8 | ss | BS! a Ba 
oO, te S be co eps o Fy rob) pq ball) © eof ae o G2 as . 
= rin Ff ofS a ols = = M =) S q a a5 = 8B a 
= i) Ore oo Ra = II 


SpecraAL Cokes—Continued 


669 0-72] 0-21) 0-18] 0-65! 1-76 
732, 010-961) 9. 66! 9.35] 0-231 0-77] 2-01|1 89/0: 92) 0-89 
762 0-66) 0-32) 0-24) 0-89] 2-11 
756| 7990-888) 9.66 0-32] 0-23] 0-96 2-17) 149° 79} 0-79 
684 0-70] 0-27] 0-23] 0-601 1-80 : 
701| 993)0°973| 9.70) 0-24] 0-20) 0-72) 1-86 839° 95| 0-92 
1039] 103910-649, 0-50) 0-49] 0-50) 2-11) 3-603-6010-42| 0-47 
9931 99310-679 0-54! 0-44! 0-381 2-01] 3-3713-3710-46| 0-50 
852 0-601 0-40] 0-35! 1-34] 2-69 
93¢6| 8940-754 9.55) 9.49] 0-39] 1-58) 3-01/2°29)9°54 0-59 
708| 70810-952 0-71] 0-17] 0-20] 0-86) 1-94/1-9410-911 0-87 
865! 86510-7801 0-60] 0-38] 0-36 1-27] 2-6112-61/0-61| 0-65 
725 0-66) 0-38] 0-22] 0-74) 2-00 
799, @27/0-928 9.60] 9.241 0-23) 0-89] 2-05|7 "92/9 86 0-83 
745 0-671 0-291 0-25! 0-89] 2-10 
346 7960-847) 9.56 0.651 0-371 1-18] 2-76> 2°)9 74) 9°70 
790 0-631 0-42] 0-25] 1-03] 2-33 
77, 7840-860 9.65] 9.29] 0-26] 1-06] 2-26|7° 840° 74) 0-73 
8361 8360-807, 0-63| 0-47] 0-31] 1-20] 2-61/2-6110-65| 0-65 
656 0-711 0-26] 0-231 0-41! 1-61 
649| 650I1-037| 0-71| 0-27] 0-21] 0-41] 1-60/1-61/1-08| 1-05 
645 0-711 0-29] 0-241 0-381 1-62 
635 0.731 0-21] 0-201 0-41] 1-55 
660] 65411-0301 0-71/ 0-28] 0-18] 0-50] 1-67/1-64|1-06 1-03 
664 0-71] 0-27| 0-20! 0-53] 1-71 
684 0-71] 0-18] 0-20! 0-74] 1-83 
724| 70610-954| 0-701 0-19] 0-201 0-94! 2-03/1-940-91] 0-87 
709 0-69] 0-271 0-16 0-84] 1-96 
671 0-721 0 181 0-21 0-581 1-69 
6961 674/1-000 0-701 0-22] 0-23] 0-67] 1-82/1-7211-00! 0-98 
656 0-71] 0-311 0-13] 0-50| 1-65 
971 0-56] 0-35! 0-40] 1-97] 3-28 
996| 97910-689| 0-54! 0-38] 0-50) 1-89] 3-3113 0-52 
970 0-56| 0-351 0-401 1-89] 3-20 
888 0-60] 0-35! 0-29] 1-56) 2-80 
945; 91110-740| 0-59] 0-64] 0-33) 1-73] 3-29/2-9510-55| 0-57 
899 0-61) 0-27] 0-29 1-65] 2-82 
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TABLE VI—Continued 


| 
| 
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2 ea ee = oS 2 B a Fe tadler ’s values for os ~ ee 
a iS) 2 | oO material os streng 
Cok a8 oe Se Bs ae a 3 | aa “2 ide 89 8 values. 
ae ShigblSh) Ph) 28) 8) 4 |e % See op <s 
Number [By jou |i (B/E) S| F188) x.) | we | s./ 24) 8) » [See 
Bie | Pie lias | ee | at a leek = a= emi sais |’ Ba- 
aS fal Ooi es URES screed oie ae es ne" 
Specran Coxes—Continued 
695 0-70| 0-24] 0-21] 0 67) 1-82 
691| 688|0-980| 0-71] 0-19| 0-18] 0-77} 1-85|1-81|0-96) 0-93 
679 0-70} 0-27| 0-15] 0-65] 1-77 
857 0-55| 0-65) 0-35| 1-18] 2-73 
370, 8640-780) 9.56 0.56, 0-41) 1-22) 2-75)7 “40°64 0-62 
872 0-581 0-49] 0-36, 1-22] 2-65... 
831| 852(0-791| 9.61] 0.401 0-25] 1-22] 2-49/7 57/93) 0-06 
918 0.54! 0-54| 0-43] 1-51] 3-02 
8991 9250-729] 0-58/°0-38| 0-45] 1-49] 2-903-05)0-53) 0-55 
959 0-55] 0-42] 0-46 1-80] 3-23 
811 0-61 0-47| 0-32] 1-08] 2-48 
8981 811/0-830| 0-58) 0-57| 0-35] 1-06 2-56/2-45/0-69] 0-69 
795 0-63] 0-35} 0-32] 1-01] 2-31 
729| 72910-9251 0-68) 0-27] 0-23 0-84] 2-02/2-0210-86| 0-84 
1032 0-49| 0-58] 0-50; 1-99] 3-56 
1015} 10240-659| 9.53] 0.50] 0-48] 1-92] 3-41? 490-44) 0-88 
1195 7) 02431 0:55) 0°50 2-90| 4:38) bain aul: 
1199] 115910-582) 9. 44! 9.63] 0-51| 2-47] 4-054 270 34) 9°40 
1209] 1209/0-558| 0-40] 0-64] 0-63) 2-76| 4-43/4-43)0-31| 0-38 
1042] 104210-645] 0-49| 0-54 0-53) 1-97] 3-53/3-5310-42| 0-48 
1023) 102310-659| 0-54| 0-35| 0-45) 2-16] 3-50/3-500-43) 0-48 


APPENDIX V 


WORK OF THE CHEMICAL LABORATORY 
BY 


EDGAR STANSFIELD 


7 


APPENDIX V 


WORK OF THE CHEMICAL LABORATORY 


BY 


EDGAR STANSFIELD 


Average Analyses of Regular Coal Samples in Coal Fields Investigated. 


In order to show clearly the type of ceal to be found in each of the 
coal fields investigated, Table VII has been compiled showing the average 
analysis for each field. Only the regular samples were included in the 
averages; to have done otherwise would have given undue weight to those 
seams or collieries from which more than one sample was obtained; the 
figures for moisture were, however, taken from the mine moisture sample. 


Coal Classifications. 


In Tables VIII, LX, and X are given, for all the regular coals tested, 
the values calculated for some of the better known coal classification 
ratios, together with the determined calorific value of the dry coal. 

The first column gives the reference number of the coal. 

The second column gives the calorific value of the dry coal in calories 
per gram, as determined by means of the F. Kéhler bomb calorimeter. 

The third column gives the carbon-hydrogen ratio in the dry coal, 
calculated from the ultimate analysis of the coal, which was made upon 
the dry sample. | 

The fourth column gives the carbon-hydrogen ratio in air dry coal; 
this is calculated from the ultimate analysis of the dry coal, allowing for 
the hydrogen and oxygen in the moisture contained in the air dry coal 
(this moisture determination was made on the mine moisture sample). 
M. R. Campbell! recommends the carbon-hydrogen ratio as the most 
satisfactory basis for the classification of coals. His analyses were made 
on air dry samples, while those of this report were made on dry samples. 
These tables show the amount of difference caused in the ratio. 

The fifth column gives the well-known fuel ratio, that is, fixed carbon 
divided by volatile matter. This is a classification depending on the 
proximate analysis of the coal; it obviously is not affected by the moisture 
content of the sample. 

The sixth column gives a ratio suggested by D. B. Dowling.” This. 
ratio is fixed carbon plus one-half the volatile matter, divided by moisture 
plus one-half the volatile matter, the analyses being made on the air dry 


1 U.S. Geol. Survey, Prof. Paper 48 (1906), pp. 156-173. 
2 Report No. 1035 of the Geol. Survey Branch of the Department of Mines, Canada, p. 48. See also 
Canadian Mining Journal, Vol. X XIX, p. 1438, 1908. 
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sample. Actually the analyses were made on the dry sample and calcu- 
lated to air dry by allowing for the moisture found in the air dry, mine 
moisture sample. 

The seventh column (omitted in Table X) gives the ratio of carbon 
divided by oxygen plus ash; this is a ratio employed by D. White.’ It is 
worth noting that although, as has been discussed elsewhere, the oxygen 
and ash of a coal analysis are conventional terms, only approximating to 
definite constituents of the original coal, yet oxygen plus ash has a very 
definite value and significance, if it is regarded as that part of the coal 
which is not carbon, hydrogen, nitrogen, or sulphur. 

In Table VIII the coals are arranged in geographical order and sub- 
divided into the different coal fields. In Table IX the coals are arranged 
in order of the calorific values; for comparison with the split volatile ratio 
it would probably have been better to recalculate the calorific value to the 
air dry basis. In Table X the coals are arranged in order of the carbon- 
hydrogen ratio of the dry coal. 


TABLE VIII 
COAL CLASSIFICATIONS 


Coals arranged in geographical order 


me 

C/H Split . 

Coal-field. Coal No.| C.V.- re H air Fuel volatile pa teae 
eee dried ee ratio. Ash. 
syuney, N:Saroe. cos 36 7700 15-3 14-5 1-58 3-6 5-4 
35 7780 14-8 14-3 1-44 3-6 6-1 
+ Utvel it 7800 14-8 14-3 1-70 4-0 6-1 
38 7780 15-4 14-8 1-74 4-0 6-1 
37 7290 14-9 14-3 1-53 3-6 4-0 

39 7660 14-9 13-8 1-55 3-4 Saif 
13 7650 14-8 14-0 1-48 3-5 4-9 
12 7600 14-7 13-5 1-39 3-1 4.7 
Inverness, N.S..5...00.14 6750 14-0 11-8 1-24 2-5 3-2 
1p 6540 15-1 13-9 1-30 3-1 2-7 
Pictou, NBs. 3 Se 4 6680 16-2 15-3 1257. 3-7 2-7 
16 7350 16-1 15-4 1-66 3-9 3-9 
1 6990 1 ET Sara i grace ea 14836 GAY wee 3-4 
2 7320 16-5 15-8 1-85 4-2 4-] 
8 7700 16-5 15-9 2-49 5-3 5k 
3 7200 16-9 16-4 2-46 5-4 3-9 
mprmmehall Ne... os ocean oe 7430 15-3 14-7 1-81 4-1 4.4 
6 7220 15-9 15-0 1-64 3:8 3-9 
49 7880 1630 So eee AnQ0) sit ae eee 7-8 
Joggins-Chignecto, N.S.| 7 6750 13-8 12-8 eau bab 2-8 3-1 
9 6570 14-7 13-7 1-37 3:2 2-8 
10 6440 15-5 15-2 1-22 3°3 2-5 
Grand Lake, N.B...... if 7160 15-3 15-0 1-66 4-1 3-8 


1 P. 8, etc., Bulletin 382, U.S. Geol. Survey. 


81 


TABLE VIIJ—Continued 


C/H Split 
Coal-field. Coal No. Gi H ir Mees volatile C/ Fae 
ty d. : ratio. see 
SOUrISLDASK.'. » sige 40 12-5 2 0-88 1-5 1-8 
41 13-4 -2 1-08 1-5 1-6 
Edmonton, Alta....... 46 14-0 0 1- 1-6 2-0 
42 14-2 “1 1-36 1-7 2-3 
45 14-6 -] 1-19 1-6 2-3 
Belly river, Alta.......| 43 13-7 4 1-39 2-2 2-3 
44 13-6 4 1-37 2-6 2-5 
at 13-4 -1 1-33 2-9 1-4 
Frank-Blairmore, Alta..| 48 15-9 ‘7 2-04 4-7 2-9 
oo 16-7 -2 1-89 4-4 3-0 
33 16-6 6 2-06 aon a2 
28 16-9 6 2-34 5:3 3-1 
34 17-1 8 2- 5-1 2-6 
348P. 16-9 6 2-51 ned. 3-4 
Crowsnest, B.C........ 31 17-5 “4 2-53 5-9 4-] 
30 17-0 8 2: 6-4 4-4 
29 16-9 5 2- 5-9 4-4 
51 17-7 3 I! NAO ee Sa 3-7 
52 16-9 4 PAE? OT ne 4.3 
53 15-6 -2 DEES C0 (aE Meets 6-1 
va 18-0 5 2: 5-4 5-4 
26 17-5 3 2- 6-2 4-6 
Cascade, Alta......... 25 19-6 -1 4- 8-3 3-9 
23 22-0 a 6- 12-7 5-2 
23 9P. 20-6 +3 5: 11-4 4-0 
23 M. Dee ete reat a 4-2 
24 20-6 -1 4. 8-2 4.1 
Similkameen, B.C......| Ex. 1 14-9 -2 1 - Gans. 42 ceo ees 
Ex. 2 15-9 “4 12655) Wo) 2G eee 
Ex. 3 16-1 -9 L Glos oo cee 
Nicola valley, B.C. ...| 22 13-4 -3 1- 2:8 2-6 
22 SP. 13-6 0) 1- 3-1 3-0 
22 M. LS Oana es Ge - | Aa Nee sts 2-5 
Nanaimo-Comox, B.C..| 20 15-5 -1 1- 3:3 3°5 
18 15-0 5 1- 3-1 3-4 
V7. 15-0 3 1- 3-0 2-9 
21 bia sais Hal sp. oe | Rey SS Beets. Dane 3°5 
21 SP. Neco) ES ge ae a ee rife CS Ree ee 3°9 
21M. Hace? Shy ae Ly! BS See ee 3°6 
mlertsbay. B.Oie feaeas He earl. Gif0sel salen ee. Deen elo ue eee 
Whitehorse, Yukon | Ex. 31 Weis ba Le Ds wiaene oe 2-8 
SPICE COT YS wu. te rca Exaseris Ga lO titan pee tema. . Dg Me eens Loree ans 
Ex. 33 10 stg eet." PN OND Gets eee *3-0 
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TABLE Ix 
COAL CLASSIFICATIONS 


Coals arranged in order of calorific value 


Split 
C/H F : C/O 
Coal No. CY. C/H dry EA Pie Fuel ratio. ie eae 
49 7880 16-0" &\... eee eee Te Os et Toes tome ee 7°8 
35 SP 7800 14-8 14-3 1-70 4-0 6-1 
38 7780 15-4 14-8 1-74 4-0 6-1 
35 7780 14-8 14-3 1-44 3:6 6-1 
53 7770 15-6 15-2 2 30) ME Boars tae 6-1 
36 7700 15-3 14-5 1-58 3:6 5-4 
8 7700 16:5 15-9 2-49 5-3 5-1 
ae 7680 18-0 17-5 2-46 5-4 5-4 
39 7660 14-9 13-8 1-55 3:4 5-6 
13 7650 14-8 14-0 1-48 3°5 4.9 
12 7600 14-7 13-5 1-39 onl oad 
29 7490 16-9 16-5 2-72 5:9 4-4 
26 7490 17-5 17-3 2°72 6-2 4-6 
5 7430 15-3 14-7 1-81 4-1 4-4 
30 7420 17-0 16-8 2-90 6-4 4-4 
23 7400 22-0 21-7 6-44 Len 5-2 
31 7370 17-5 17-4 De De 5-9 4-] 
16 7350 16-1 15-4 1-66 3°9 3°9 
25 7340 19-6 19-1 4-10 8-3 3-9 
2 7320 16-5 15-8 1-85 4.2 4-1 
20 7310 15-5 15-1 1-24 ates 3-5 
37 7290 14-9 14.-3 1-53 3°6 4-0 
24 7280 20-6 20-1 4-01 8-2 4-] 
23 M #210 BASS. Gola, eee LSM iin 1 COCR ete hn 4-2 
52 7270 16-9 16-4 An Ae tes BY are! Vas 4-3 
21M 7230 1673s i eee 1s OTs" 0 ae rere 3°6 
6 7220 15-9 15-0 1-64 3°8 3-9 
AL SE 7210 1625: 40s eee 2014 ee ee 3°9 
3 7200 16-9 16-4 2:46 5-4 3°9 
11 7160 15:3 15-0 1-66 4-1 3°8 
21 7150 16:5 'U 4. See 1% 0-7 AES tee ct ne 3°5 
18 7130 15-0 14-5 1-18 3-1 3-4 
51 7060 177 172 2:98 > eae. Sees 3:7 - 
23SP 7040 20-6 20:3 5-68 11-4 4-0 
1 6990 15s S\5 ie eee 1.865 WA ne eee 3:4 
348P 6960 16-9 16-6 2°51 5-7 3:4 
28 6930 16-9 16-6 2-34 5-3 5 | 
17 6930 15-0 14-3 1-12 3:0 2-9 
32 6920 16-7 16-2 1-89 4-4 3-0 
33 6880 16-6 16-6 2-06 5-1 Sao 
48 6800 15-9 15-7 2-04 4-7 2-9 
Ex. 33 6790 16*5 77) 22S PAE VPRO ee oo 3-0 
2250 6760 13-6 13-0 1-23 Sel 3-0 
14 6750 14-0 11-8 1-24 2-5 3-2 
“i 6750 13-8 12-8 jo tal 2-8 3:1 
Hse 31 6700 1725: 4 eee 2592 eu Seal Rae baa 2°8 
4 6680 16-2 15-3 1-57 aio 2-7 
8) 6570 14-7 13-7 137, ee 2°8 
1 6540 15-1 13-9 1-30 3-1 22% 
34 6510 17-1 16-8 2-19 5-1 2-6 
44 6510 13-6 11-4 1-37 2:6 2:5 
22 M 6510 1325 G2 eee 1220 inva eee 2°5 
22 6490 13-4 12-3 1-19 2:8 2°6 
10 6440 15-5 15-2 1722 320 PACs, 
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TABLE IX—Continued 


Split 
Coal No. C.V. C/H dry. nae na xf Fuel ratio. yee re an 
45 6310 14-6 9-0 1-19 1-6 2-3 
Ex. 32 G3 Leable Wen aeminer se Petcear tia ein pee OOS iad ists a toe omene nen, 
Ex. 34 CLT ee he Se eet heme fe ote y's Ghats ES) ON heer Reina coe had PL pum Lae 
43 6130 13-7 10-4 1-39 2-2 2-3 
42 6060 14-2 9-1 1-36 1-7 2-3 
46 5960 14-0 9-0 1-16 1-6 2-0 
40 5940 12-5 8-2 0-88 1-5 1-8 
47 5450 13-4 1241 1-33 2-9 1-4 
41 5360 13-4 8-2 1-08 1-5 1-6 
TABLE X 
COAL CLASSIFICATIONS 
Coals arranged in order of carbon-hydrogen ratio 
C/H - Split vola- 
Coal No C.V. C/H dry. fer ad’ Fuel ratio. fe ae 
23 7400 22-0 21-7 6-44 12-7 
23 M 7270 21-3 oe 5-82 per 
23 SP 7040 20-6 20-3 5-68 11-4 
24 7280 20-6 20-1 4-01 8-2 
25 7340 19-6 19-1 4-10 8-3 
27 7680 18-0 17-5 2-46 5-4 
by | 7060 V7=7 17-3 2:98" | eee 
31 7370 17-5 17-4 2-53 5-9 
26 7490 17-5 17-3 2-72 6-2 
Ex. 31 6700 AG ih tt | eee Sal ae: 2°32. |. See ee 
34 6510 17-1 16-8 2-19 ook 
30 7420 17-0 16-8 2-90 6-4 
52 7270 16-9 16-4 VY VE ea 
29 7490 16-9 16-5 2-72 5-9 
34SP 6960 16-9 16-6 2-51 Bae 
28 6930 16-9 16-6 2-34 5-3 
3 7200 16-9 16-4 2-46 5-4 
32 6920 16-7 16-2 1-89 4-4 
21M 7230 10°7e Sipe... 1 A Re oe ie 
33 6880 16-6 16-6 2:06 5-1 
Ex. 33 6790 16° 5° “ee va se: DEO 2 te ee eee 
21SP 7210 16:5) 5 one. 5. DL Ar Sule Peak ete 
21 7150 [675900 eee O70 Oe tees 
8 7700 16-5 15-9 2-49 5+3 
2 7320 16-5 15-8 1-85 4.2 
4 6680 16-2 15:3 1°57 Od 
16 7350 16-1 15-4 1-66 3°9 
Hie Onn fest tee 16-1 14-9 bR SH ES ud Naren arte ee 
49 7880 16°00 tee ee: TOOTS Ge read es 
TOF a, Bike ne Ob eee 15-9 15-4 1 G5 20 tae Phe coh os 
48 6800 15-9 bon 7, 2-04 4-7 
6 7220 15-9 15-0 1-64 3°38 
1 6990 15S Vee wane: li SG OLA ale. 
53 7770 15-6 15-2 Fics A rose Ren oak, hoe ee a 
20 7310 15-5 15-1 1-24 ea 
10 6440 15-5 15-2 1-22 3°3 
38 7780 15-4 14-8 1-74 4-0 
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TABLE X—Continued 
rr a TE EE 


‘ C/H . Split vola- 
Coal No. Vy. C/H dry. Age Pree Fuel ratio. tile et 
11 7160 15-3 15-0 1-66 4-1 
5 7430 15-3 14-7 1-81 4-1 
36 7700 15-3 14-5 1-58 3-6 
15 6540 15-1 13-9 1-30 Si 
18 7130 15-0 14-5 1-18 Bt | 
iy 6930 15-0 14-3 1-12 3-0 
39 7660 14-9 13-8 1-55 3-4 
37 7290 14-9 14-3 1-53 3-6 
Ex. 1 ete ns 14-9 14-2 15602" teen 
35 7780 14-8 14-3 1-44 3-6 
35 SP 7800 14-8 14:3 De70 4-0 
13 7650 14-8 14-0 1-48 3-5 
12 7600 14-7 13-5 1-39 eaa 
9 6570 14-7 3-7 1°37 3-2 
45 6310 14-6 9-0 1-19 1-6 
42 6060 14-2 9-1 1-36 17 
46 5960 14-0 9-0 1-16 1-6 
14 6750 14-0 11-8 1-24 2-5 
7 6750 13-8 12-8 1-11 2-8 
43 6130 13.7 10-4 1-39 2-2 
44 6510 13-6 hed 1237 2-6 
22 8P 6760 13-6 13-0 #595 3:4 
22M 6510 135°.) Bie, Ae 1:90.) 40 
22 6490 13-4 12:3 1-19 2-8 
41 5360 13-4 8-2 1-08 1-5 
47 5450 13-4 12-1 1-33 2-9 
40 5490 12-5 8-2 | 0-88 1-5 


Comparison of Determined and Calculated Calorific Values. 


In Table XI is given the determined calorific values of all regular coal 
samples together with the calorific values calculated both from the ultimate 
and from the proximate analyses of these samples. 

The coals are arranged geographically and classified into the different 
fields; the reference number of the sample is given in the first column. 

The second column gives the determined calorific value of the dry 
coal, expressed in calories per gram. 

The third column gives the calorific value calculated from the ultimate 
analysis by means of Dulong’s formula. 

80:8 C+344-6 (H—30)+22-5 S=calorific value in calories per 
gram—where C, H, O, and § stand for the percentages of carbon, hydrogen, 
oxygen and sulphur, respectively, in the sample. 

The fourth column gives the difference between the values in the third 
column and the determined calorific value. At the foot of the column 
these differences are averaged in two ways ; firstly, the arithmetic average 
in which the numbers are considered as such and difference of sign not 
considered; secondly, the algebraic average in which difference of sign is 
taken into account. 
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TABLE XI 


COMPARISON OF DETERMINED AND CALCULATED CALORIFIC 
VALUES 
Cale. C.V Calc. C.V. 
Deter F : 
; by Differ- by Differ- 
Coal-field. Coal No. ae Dulong’s} ence. Goutal’s | ence 
: formula. formula. 

Syaney, NS k csc te tis os 50 7010 7290 +280 7160 +150 

36 7700 7600 —100 7730 + 30 

35 7780 7830 + 50 7600 —180 

35 SP. 7800 7920 +120 7960 +160 

38 7780 7850 + 70 7970 +190 

3f 7290 7360 + 70 7250 — 40 

39 7660 7720 + 60 7790 +130 

13 7650 7570 — 80 7630 — 20 
12 7600 7450 =e LOU ie Salen ea ee 
Inverness, N.S...........{ 14 6750 6770 mi co ae mE ee tae eee 
15 6540 6390 aE latin se ete Biko Poe 

Pieheu NCS ork ook 4 6680 6620 — 60 6800 +120 

16 7350 7280 — 70 7420 + 70 

1 6990 7080 + 90 7350 +360 

2 7320 7220 — 100 7710 +390 

8 7700 7670 — 30 7910 +210 

3 7200 7230 + 30 7430 +230 

Springhill, N.S.. 5 7430 7450 + 20 7780 +350 

49 7880 8060 +180 8340 +460 

6 7220 7220 0 7370 +150 
Joggins-Chignecto, N.S... f 6750 6810  GOd he ot, . eee 
9 6570 6590 ROVE TR. Ue oe eae 
10 6440 6360 hiss! Len Eee bi en oe 

Grand Lake, N.B........ 11 7160 7220 + 60 7170 + 10 
BOUTS ARK. hares oes 40 5940 5400 SO rate a. hss] eae 
Al 5360 5290 does ildi Texts, dec ce clean ai eee 
Edmonton, Alta...... ..| 46 5960 5820 SES ot as he 
42 6060 6110 BIOS dhs res ok, te ee ee 
45 6310 6000 ae LO Pg ose ah 2 5, aan ee 
Belly river, Alta......... 3 6130 6280 fed OSes: ior lk ta eee 
44 6510 6430 aay: (PCr Pm ee, ee. 
: 47 5450 Loe mse Ee AGS MoS eo es Ie, 

Frank-Blairmore, Alta....| 48 6800 6910 +110 7110 +310 

32 6920 6770 — 150 7310 +390 

oo 6880 6970 + 90 7320 +440 

28 6930 6940 + 10 7250 +320 

34 6510 6650 +140 6950 +440 

34 SP. 6960 7120 +160 7290 +2330 

Crowenest( B.C so, .h.4.: ol 7370 7350 — 20 7620 +250 

30 7420 7500 + 80 7690 +270 

29 7490 7400 — 90 7630 +140 

51 7060 7260 +200 7390 +330 

52 1240) 7460 +190 7540 +270 

53 7770 7980 +210 &040 +270 

ae 7680 7690 + 10 7910 +230 

26 7490 7520 + 30 7770 +280 
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TABLE XI—Continued 


Deter ple cale. re CY Scalct ~ 
; y iffer- y iffer- 
Coal-field. Coal No. oe Dulong’s| ence. | Goutal’s| ence. 
: formula. formula. 
Cascade) B.Ces each eo 7340 7040 — 300 7660 +320 
23 7400 7530 +130 7660 +260 
23 SP 7040 7290 +250 7330 +290 
: 23 M 7270 7300 + 30 7490 +220 
24 7280 7280 7480 +200 
Simulkameens 5.0) .; oe teal bail oetthras eateeme abe Be cee GPa amr T2605 toe . eee 
FER a: pee bec cee ee eet ee ere ee TSO 3s eee 
HSS a es soe esac [hope Beato Lae fee 696508) 3. ee 
Nicola valley, B.C........| 22 6490 6690 “E200 hn Se eee 
; 22.5b 6760 6970 +210 iss rae abe 
22 M 6510 6500 — 10 ius. eae 
Nanaimo-Comox, B.C....| 20 7310 7040 SOTO ae ea te ee 
18 7130 7020 S116) dod .os | 
17 6930 6680 200 Ali's oe os n eee 
2) 7150 7050 —100 7510 +360 
21 SP 7210 7270 + 60 7650 +440 
21M 7230 7120 —110 7600 +370 
Alert Daye. tees Ex. 34 GILT Ot eae oa eles ae eoaille Ole eo Seer 
Whitehorse, Yukon Ter- |Ex. 31 6700 6690 — 10 7200 + 500 
TORY eevee oa Hx. 32 ood A Cali Ey Seance eas ha aged he ee 7310 +1000 
Ex. 33 6790 6930 +140 7250 | + 460 
Average error vas 
ATIRIO CHIC ho Te Lecce Mele! 4 CoN ete TT 13 lot nee 278 
Aloetiraicseclra tt. Ve eee. cord tose Vanes aa eee ae hh Naik) Bas dares +267 


The fifth column gives the calorific values calculated from the proxi- 
mate analysis by means of Goutal’s formula.! The percentage of volatile 
matter is first recalculated to percentage of pure fuel (fixed carbon-+ volatile 
matter), then the calorific value calculated by multiplying the percentage 
of fixed carbon in the fuel by 82 and adding to the result the product 
obtained by multiplying the percentage of volatile matter n the fuel by 
a factor which varies, as shown below, with the percentage of volatile 
matter zn the pure fuel. 


OAV ye Nici DUTe Tuleh eee, A. 5. 1627 3849 e 10 Te eee 
CLO ae rae oe ieee se 145 142 139 1386 133 130 127 124 122 120 
CEA Conepure.itiel tee. 2... 15 AG CATS U8. Or 200 2122 ee 
TRA EOI tee ea ee ac eee 117 115 113 112 110 109 108 107 105 104 
Cay NLP pure TUelee et a 25: 2O,t 2728 4292308) ol 2 
EE RCUGT ho ne site ete i od 103° 102):101° 100 799)-'98" 97- 97 S9GRENG 
CoN OVE san Oure Teles |. ss 35 36 37 38 89 40 

POLEGOT ra fume. a peyenee. 94 91 88 85 82 80 


1 Goutal, Journal gad re hap ai 1905, Vol. 48, p. 1007, Abstr. Electrochemical and Metallurgical 
Industry, 1907, Vol. 5, p. 
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For example, coal 50 analysis, fixed carbon 53-0%, volatile matter 
34.7%, ash 12-83%. Volatile matter in pure fuel =34-7 Xasq a7 = 
39-6, therefore the factor for volatile matter is 81, and the calorific value 
in calories per gram is (53-0 X82)+ (84-7 X81) =43846 +2811 = 7157. 

The last column gives the difference between the values in the fifth 
column and the determined calorific value. Arithmetical and algebraic 
averages of these differences are given at the foot of the column. 

It is impossible to calculate the calorific values of some Canadian coals 
by this formula, since the volatile matter in many samples is higher than 
is provided for in Goutal’s formula. A satisfactory formula for even 
roughly approximating the calorific value of a fuel from its proximate 
analysis would be very useful, but the differences shown by the table for 
Goutal’s formula are discouragingly large, even within the limits which 
he himself has set. 


Variations in Weight of Samples Stored in Closed Cans. * 


The sample cans tested were similar to those used throughout the 
whole investigation for shipping or storing samples; they are described in 
Vol. II, p. 125. 

A sample of coal No. 14, crushed to 3” size and air dried, was used 
for the tests. Can A was weighed empty; filled with the coal and again 
weighed; the contents of the can were sprinkled with water, the can closed 
as usual, and weighed for the last time. Sufficient coal to fill can B was 
spread out on a couple of trays and dried in an oven for several hours and 
the loss of weight determined; the dry coal was then put into the can which 
was closed and weighed. 

The two cans were placed in their outer cans and set aside, in order 
to determine how fast, if at all, the damp coal lost moisture and the dry 
coal gained it. The cans were re-weighed at intervals for nearly four years. 

The portion of coal that was dried lost 7 per cent of moisture, that is 
to say 107-5 grams of the original sample contain 100 grams of dry coal; 
1015-5 grams of the original sample had been put into can A and 975-5 
grams into can B. 

Table XII shows the changes in weight of the contents of the cans, in 
order to make these clearer the weights have been re-calculated to the basis 
of 100 grams of dry coal; Fig. 1 shows the same thing in graphic form. It 
is quite certain from this test that the sample cans do nor preserve the 
moisture in their contents entirely unchanged; it is, however, impossible 
to say how much moisture was gained or lost as the coal was apparently 
absorbing oxygen with noteworthy rapidity. This is clearly shown in the 
curve for the damp coal; this loses weight at first owing to the compara- 
tively rapid loss of moisture, but afterwards it gains in weight and ulti- 
mately becomes heavier than at the beginning, a change which can only be 
explained by assuming the oxidation of the coal; the sample had been 
crushed to the size used for the test about eight months before. 
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TABLE XII 
VARIATIONS IN WEIGHT OF COAL IN CANS. 

Days Moist coal Dry coal 

Date elapsed in can A in can B 

Air dry coal taken. . Lay CMe ic See nage eo aoe ess 107-5 107-5 
Coal after moistening RE eRe ee OO AOE ae oe LOO Ty) atta omer 3 

CEA TONG Eat CoC a BROURER Sy re Okun Lena A ian ie eee nce eee a ae 100-0 
Coal stored in can.... 14y-08,, 2h ey. 0 Ios oP oe Sebi AE 

Dri Ves aeaee eas Le ce eae es es 100-1 

16-iv-08....... 15 109-7 100-3 

BleVH-OSiara s s0e8 50 109-6 100-6 

S0=V1-08 0. rs. 90 109-5 100-9 

5-vui-08...... 126 109-6 101-2 

19-x1-09....... 598 109-9 102-3 

S0-xuet 12s 1368 110-2 103-6 


Sampling Losses and Coal Dust. 


In order to obtain some idea of the quantity of coal lost as dust or in 
other ways when a large consignment is sampled, and the possible effect of 
such loss on the final sample, a careful record was kept whilst two coals 
were being sampled of the weights of the original consignments and also 
of all portions cut out; samples of the dust produced whilst sampling one 
of these coals were also collected and analysed. 

The process of sampling has already been described (see Vol. II, p. 123), 
the dust samples were collected on sheets of paper spread out for the purpose 
either in the sampling room or outside the building near the orifice of the 
pipe from the fan used to ventilate the room during the operations of 
crushing or sampling coal. 

Coal No. 35 weighed 9,300 pounds to begin with, it was crushed and 
sampled down to a sample of about 70 pounds weight which had passed 
through a 4” screen; the total loss in all the stages amounted to 62 
pounds. : 

The final sample contained 5-9 per cent of ash. Dust samples were 
collected which contained percentages of ash as shown below:— 


Taken inside whilst the original coal was passed 


through a 3” bar screen. ene LORS 
Taken at the same time fais near en inte 

GLa cits (oerry giant oe ats Coto ty EL -2% 
Taken inside under fan hopper during crushing 

OPeLAtiOn a gies): imine ergs aes oe os 11.9% 
Taken outside near fan orifice during crushing 

OL ULOTIG soa Se ea eR TT) cy 10:5% 


Coal No. 36 weighed 8 tons, the total loss during sampling amounted to 
104 pounds. 

Mr. C. Landry was in charge of the sampling operations and collected 
the dust samples. 


83—7 


90 


Hot Air Oven. 


Fig. 2 shows the general construction of the drying oven, a short 
description of which is given in Part IX, Vol. II, page 132. The figure 
shows the way in which the products of combustion of the gas used to heat 
the oven are entirely prevented from entering the oven; it also shows the 
way in which, by means of double shelves, the heated air rising up through 
the oven is caused to pass over the surface of any trays placed on the 

shelves. 


Hot Aiy Oven. 


Pee Thermometer 


Transverse Side view 
Seelion 


Hinged door 


|/ 


Fig. 2,5 ILLUSTRATION OF HOT AIR OVEN 


Weathering Tests of Coal 


This subject was not included in the coal tests investigation as origin- 
ally outlined, but, on account of its importance, an attempt was made to 
obtain certain information. When a coal seam is first discovered on the 
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surface, only outcrop samples are as a rule available; it is well known that 
such samples differ materially from the main body of the seam which has 
not been exposed to weathering, but the course of such weathering is not 
sufficiently well known to enable the nature of the unweathered coal to 
be predicted at all safely from analyses of the weathered coal, and it is 
this information which is urgently required. 

Samples of coals of different degrees of weathering were obtained from 
six different seams, and a scheme was drawn up according to which the 
samples were to be tested. The pressure of routine work, however, was 
too great to allow this scheme to be carried out in its entirety, or with the 
promptness which is so desirable in work of this nature. The work done 
was nevertheless considerable, and although it is not sufficiently complete 
to render it possible or desirable to draw general conclusions at this time, 
it will doubtless be of value in conjunction with other work that has been, 
or may be, done on the subject. 

The scheme, which was also intended to throw light on the changes 
which the coal samples undergo when stored in the laboratory, is as 
follows: the samples are to be weighed as received and re-weighed when 
the bottles or cans are opened, the contents are to be crushed in a crusher, 
ground in a ball mill, thoroughly mixed and riffled down, and divided into 
the following four lots:— 

Lot A.—2 large and 10 small sample tubes to be filled full, and 3 small 
tubes to be one-fourth filled with the raw coal; these tubes to be labelled 
Ex. .... (raw), where Ex. .... is the number of the original sample. 

Lot B. 50 to 100 grams to be dried for one hour on a tray in an oven 
at 105° C., 2 large and 10 small sample tubes to be filled full, and 5 small 
tubes to be one-fourth filled with the dried coal. These tubes are to be 
labelled Ex. .... (dry). 

Lot C. 200-300 grams of the coal to be placed in a tray. and weighed 
and stirred at intervals for six months or more, the trays being kept in a 
dust-free box exposed to air. This was called Ex. .... (special). 

Lot D. A bottle was filled with the remainder, dated with the day of 
grinding, and stored away labelled Ex. .... (reserve). 


The following analyses to be made on the different portions :— 


Lot A. Moisture and ash to be determined at once and also an ulti- 
mate analysis to be made; moisture to be redetermined at three month 
intervals and also ultimate analyses made later. 


Lot B. Complete analysis to be made at once and also six months 
later. 


Lot C. Sample to be removed from tray from time to time for ultimate 
analysis, the tray to be weighed each time before and after the sample was 
removed in order that subsequent changes in weight could be calculated to 
_ percentages of original coal. 
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Table XIII shows the weights of coal in the trays from time to time; 
these are calculated to the basis of 100 parts of the original coal. Cor- 
rections have been made for the weights removed when samples were 
taken. 

Tables XIV to XIX give the results of allanalyses. Lines 4 and 5 give 
the percentage of moisture in the coal. All other analyses are reported 
upon dry coal in order that they may be comparable; to increase readiness 
of comparison, analyses are also reported corrected to dry and ash free 
coal. In all cases where it is of any moment, it is clearly indicated whether 
the analysis from which a figure is obtained was made upon a raw or a 
dried sample. 

All actual determinations, corrected for moisture if necessary, are 
indicated by the addition, enclosed in brackets, of the date on which the 
determination was made; no deduced values have dates attached. No 
moisture determinations were made on the Ex. .... (special) samples 
taken from the trays on April 3, 1909, the moisture in these samples is 
calculated from that found two months later, by assuming that the change 
in weight in the trays in the meanwhile was entirely due to gain in moisture. 
Ash was. determined in the Ex. .... (raw) samples, in the dry coal left 
from the moisture determinations; this was assumed to also give the ash 
in the corresponding Ex. .. (dry) sample. In the same way it is obvious 
that no serious error has been made by assuming that Ex....(raw) and 
Ex.....(special) have the same sulphur and nitrogen content in the dry 
coal as was found in the corresponding Ex.... (dry) sample. 

Ultimate analyses on Ex.... (raw) and Ex.... (dry), instead of being 
made promptly as intended, were unavoidably delayed for about 8 months. 
It is almost certain that by the time these analyses were made the raw 
samples had lost moisture—unless they were already in an air dry con- 
dition—and the dry samples had taken up moisture. The ultimate 
analyses on Ex..... (special) are less open to criticism. Discrepancies 
between the ultimate analyses of these three sets of samples indicate fairly 
clearly the probable magnitude of the error in moisture content. 


——— 
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SPONTANEOUS COMBUSTION OF COAL 


(Being a paper read before the Canadian Mining Institute, March, 1910, by Edgar Stansfield, M.Sc.,. 
McGill University, Montreal.) 


Introductory Note. 


The writer of the following paper had hoped that when the regular 
work of the coal tests was completed he would be able to carry out an 
investigation on the spontaneous combustion of coal. As a preparation 
for this work he made a study of the literature of the subject, and wrote 
the following summary for presentation to the Annual Meeting of the 
Canadian Mining Institute, held at Toronto, March 1910. He was, how- 
ever, unable to take part in this investigation himself, but Dr. J. B. Porter, 
with other assistants, has carried on an investigation during the past two 
years, and it is hoped to publish their results, together with a further 
historical introduction, within a few months, as Vol. VII of this report. 

The paper is reprinted, by permission, from Volume XIII of the pro- 
ceedings of the Canadian Mining Institute. Some small changes have 
been made; but no attempt has been made to bring it up to date. For 
further and later information Volume VII should be consulted. 


The deterioration of stored coal is a very serious matter to all large 
dealers and consumers, and fuller and more definite information on the 
subject is urgently needed. A study of the extensive literature bearing 
upon spontaneous combustion has shown that although much has been 
accomplished, a great deal more remains to be done. This literature? is: 
not easily accessible and although there have been excellent summaries. 
published, these chiefly refer to the question of the shipment of coal cargoes, 
so that there does seem a need for a statement as to the known facts and 
present theories with especial reference to land storage. It is this need. 
that the present paper is an attempt to fulfil. 

Spontaneous combustion of coal may be considered under three classes: 
fires in the mines, fires in ships, and fires in land storage. All these may at 
times be of very grave importance; they have all three caused the loss of 
incalculable sums of money and the first two have resulted in the loss of. 
very many lives. 


A few examples will illustrate the importance of the subject :— 

At the Hamstead colliery in South Staffordshire, England, is worked. 
what is known as the ‘‘Thick Coal Seam,” there about 20 feet thick. This- 
seam is not gassy, but is extremely liable to fire spontaneously. There 
were no less than 200 fires in the 20,000 feet of return airways in 1895, and 
250 in 1896. In November 1898 a fire broke out so suddenly and acquired. 


1The writer wishes to acknowledge his great indebtedness for aid in the writing of the paper, and for 
his diagrams to the Report of the New South Wales Royal Commission (1897), and to a paper by Prof. R. 
Threlfall ‘“The Spontaneous Heating of Coal Particularly During Shipment” (J. Soc. Chem. Indust. July 
31, 1909, pp. 759-773). The following papers have also been freely made use of: ‘‘The Spontaneous Ignition 
of Coal and its Prevention,’’ by Prof. Vivian B. Lewes (J. Soc. of Arts, Vol..40, 1892, pp. 352-365), and ‘‘The 
Spontaneous Combustion of Coal on Board Ship,’ by Commander W. F. Caborne, C.B., R.N.R., (J. Roy. 
United Services Inst., XLVI, p. 285, and reprinted in The Mining Journal LX XII, 1902, p. 124 et seq.). 
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such magnitude that the mine had to be closed, and this in spite of elaborate 
precautions and almost constant inspection. 

In the nine years between 1873 and 18838, fifty-seven boats leaving 
British ports with coal cargoes are known to have been lost owing to 
spontaneous combustion. Three hundred and twenty-eight others dis- 
appeared during the same time, and we can only guess at their fate. These 
figures only refer to. vessels actually lost. In 1874 alone, seventy cargoes 
either fired or heated. 

During the last two or three years the writer has seen or heard of 
several spontaneous fires of both Cape Breton and Pennsylvanian coal 
stored in Montreal. The following is an extract from a letter received by 
Dr. Porter from the President of an Ontario firm using Pennsylvanian 
slack coal: ‘“‘With reference to the trouble with our coal pile here, I am 
sorry to say that the conditions got very much worse after I wrote you on 
September 24, and I found that the greater part of the dump was begin- 
ning to heat. .. . The only lot of coal that we have that does not appear 
to be more or less hot is one comparatively small pile that stands by itself. 
. . . | must say our experience this year has discouraged me from trying 
to handle a large dump of slack coal, which is very unfortunate, as it is 
much the cheapest and most satisfactory way for us to handle our coal, as 
we have our own boats, and plenty of space to pile it; whereas, in the 
winter, there is always more or less trouble, in bad weather, in getting a 
regular supply of cars.” 

The above cases are all of more or less open combustion; but, as will 
be shown later, all coal, even though not perceptibly warm, is in a state 
of combustion for at any rate many months after it is mined, and this 
combustion, of course, means deterioration. 

Trouble with coal cargoes at sea has materially decreased of recent 
years, largely owing to a decrease of length of time of voyages and an in- 
crease of knowledge; but on land, especially in Canada, trouble from the 
heating of coal'is probably on the increase. 

In all the great manufacturing countries, large concerns are more and 
more compelled to have large reserves of coal on hand. The admiralties 
carry coal stocks as a preparation for war; manufacturing firms to reduce 
the dislocation caused by strikes at the mines.or in the carrying trades, 
or merely to tide over fluctuations in the price or supply of the coal they 
require. 

Here in Canada the nature of our winter almost compels the storage 
of very large quantities of coal, especially at such places as Montreal, 
where coal can be obtained comparatively cheaply in summer by water, 
but where the railway freight necessary in winter renders the price almost 
prohibitive. 

One railway company stacks from 200,000 to 250,000 tons of coal in 
Montreal alone each year, and the constant expense and trouble to which 
it is put to avoid fires, to say nothing of the loss due to the deterioration of 
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the coal, are enormous. Every railway company, every coal dealer, and 
every large consumer has also to store coal. 

Enough has been said to show the great importance of the subject 
under discussion and also to show that any information that would in 
future result in reducing the losses on stored coal, even if only by one cent 
a ton, would be a valuable asset to the community. 

The coal from the Hamstead colliery referred to above, being ex- 
tremely apt to fire spontaneously, forms a good starting point in studying 
the question. Messrs. Haldane and Meachem have brought forward much 
interesting information in this connexion.* 

They state that the mean temperature of the air at the foot of the 
shaft in the intake airway is 60° F. and in the return airway is 77° F. The 
natural temperature of the undisturbed strata at the level of the pit bottom 
is only 68° F., so that the whole of this rise in temperature of the air cannot 
be due to the natural heat in the strata; onthe contrary, the strata is being 
eradually heated from the mine. ‘The coal behind an exposed surface 
eradually rises in temperature, month by month, and year by year. Thus 
at two places in the side of a main road, where the temperature at the end 
of 10 ft. boreholes was 66° F. in 1894 it had risen to 83° F. and 90° F. in 
1898.”’ 

They calculate that every cubic foot of air passed through, removes 
one British Thermal Unit of heat from the mine; also that of this quantity 
of heat at the outside 7 per cent could be accounted for by the presence of 
horses, men, and burning candles, 10 per cent by the settling of the 
superincumbent strata, and 2 per cent by the friction of the air. ‘This 
leaves over 80 per cent unaccounted for. “The only other possible source 
of heat in the mine is the chemical action of the air on the exposed coal 
and other material.’ 

Temperatures were taken at different points in the airways and 
analyses made of samples of air taken at the same points. The analyses 
show that as the air passes through the pit it steadily loses oxygen and 
gains carbon dioxide, the average loss being 3-13 times the gain (in most 
collieries this ratio is said to be about 1-6). The following table, Table XX, 
clearly shows the intimate relation existing between the rise in temperature 
and the decrease in oxygen :— 


TABLE XX 
Temperature Decrease in oxygen. Temperature. Decrease in oxygen. 
Delite A Se ta Gerke case ies 0-00% ee eee said Se Sap eh Neate a ctok ate Acris 00-36% 
Fily 0 RES a eee er eer ek er 0-16 Sigmar ek. Cha Montes ome ne or 0-77 
ice), A 2 AM SS pe ee een ee eR 0-25 Sy aA fe a. ied GANDY 8) aed Oe 88 
EE Re re eee ere 0-37 6) OR a Pe ee ei ger te 1-70 


The temperature of the air circulated through the mine does not 
rise steadily as it proceeds, because as it returns from the working face it 


: 1 “Observations on the Relation of Underground Temperature and Spontaneous Fires in the Coal to 
Oxidation and to the Causes which Favour it,”’ by J.S. Haldane, M.D., F.R.S., and F.G. Meachem, M.I.M.E., 
Trans. Inst. M.E., 1898, Vol. XVI, pp. 457-492. 
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is cooled from time to time by leaks from the intake airway, so that the 
foot of the upcast shaft is by no means the hottest place in the mine. 

Haldane and Meachem have also made laboratory experiments on 
this coal in which they filled a quart sized flask with roughly powdered 
coal and left the flask sealed up in connexion with a mercury pressure 
gauge. They found that the pressure of the air in the flask steadily de- 
creased for some time (unless the coal in the flask was very fresh, in which 
case the pressure first rises owing to the evolution of hydrocarbons), and 
an analysis of the residual gas then showed it to be almost pure nitrogen. 

The following figures, Table X XI, show the course of such an experi- 
ment. ‘The coal, which had been lying in lumps in the laboratory for three 
months after being mined, was crushed in a mortar and left lying in a 
thin layer (to allow any gas to escape) for two hours before putting into 
the flask. The temperature of the flask was about 54° F.; the pressure 
readings were corrected for changes of temperature and barometric 
pressure. 


TABLE XXI. 

Time since Negative pressure; Time since Negative pressure 
closing flask. of mercury. closing flask. of mercury. 

a aoe 
1 hours ay a 0-15 inches eC Rede Ste lyme) Gon 5-05 inches 
D Hours, Pete 0-65 _,, oD 6, SEE Seen te aoe 5- _ 
12) gs WE ay ee | Bik (an Saeeee tM tyes 5-75 uae 
24S? eee eer a Dr O0 mee | TRS Go ines ee Ore 6-00° 
S658 Ta Se eh eee js DSS0 aod SPIO Vk Se eases 6710702 
ARTS Ae... Seenanoar ea ake. 3-40 | a ee er ayer th Gees 
56°.) . ee es 3-85 |. 24 an to 6:00 ae 
(235)... Raper se cee een 4-304, Smonths: 3a es D°SO Lae 


The analysis of the gas left in the flask at the end is shown in Table 
XXII. 


TABLE XXII. 
Constituents Percentage 
Oxygen... . CR MIE Re etE bak raat (ory Wi et Cee aT a es 0-07 
fcr ngm oxide. 5b 2i eet ok deh te eee Ane te di aa 1-28 
NT eUREN Gs sian ack clara ener Nock atest alee ees Banh 0-65 
Nee NONO AGEs 5 ate ds ieee ie 0-04 
Nitrogen +179 vs. Ceci eh tl 97-96 


This experiment shows, what had already been proved by Dr. Richters 
in 1868, that coal absorbs oxygen, presumably with the evolution of heat, 
as it was shown above that the decrease of oxygen in the air in the mine 
was accompanied by a rise in temperature. ) 

Another series of experiments performed by Haldane and Meachem 
consisted in passing air at a measured rate through a layer of coal in a 
flask, the flask being immersed in a water bath the temperature of which 
could be kept constant at any desired heat. Samples of the air that had 
passed through the coal were removed from time to time for analysis. 
Table XXIII shows the results of two such experiments:— 
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WEATHERING TESTS OF COAL 
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TABLE XVI 
WEATHERING TESTS OF COAL 


1, Source of coal 


SAMPLES OF COAL FROM THE WEST CANADIAN Y COLLIERIES Co., LILLE COLLIERY, Al ALTA., No. 1 SEAM 


Extra sample Sample Ex. 18 for weathering tests. Coal taken from side Sample Ex. 17 for weathering ios Old coal from surface 
Regular samples, run of mine for ene of seam after removing 8” of coal from of side of seam at 3 feet from mouth of 
| coal surface at 24 feet from antite of prospecting slope two years old, This sam does 
| slope two years old not represent Sees 
(6-v-08) (30-vii-09) (6-v-08) (6-v-08) 
B. DIGROKIPHIONIOL SRIAPIEH. 6 55.5 o/oreic! o nici eemidele © eraiele'e\s'e sleisiaieiare 
<> <i iin 
Exposed on tray (17-vii-08) Exposed on tray (17-vii-08) 
Mi ist Raw coal Dry coal Raw coal Dry coal SE 
| Regular sample | Ne Movwure put in tubes. put in tubes. Raw coal Raw coal put in tubes. put in tubes. Raw coal 
| sample put in tubes. put in tubes. it in tubes. 
(vii-08) (vii-08) (3-iv-09) (12-vi-09) (vii-08) (vii-08) (12-vi-09) 
tg eC So ee MAB 8 Scam her aa A | 28 128 2028 Ex. 18 (raw) Ex. 18 (dry) Ex. 18 (special) | Ex. 18 (special) Ex. 17 (raw) Ex. 17 (dry) Ex. 17 (special) ii 
Moisture in coal 7 , 3 
Bie ORAL SOONG eres." « « 5'a,» «1's +, bo aysta Rlacaip entenriccete'e eeiciapa = ri 0-9 (2-xi-08) 1-7 (v-08) 1-5 (12-viii-09)| 1-2 (2xi-08) |. 1-0 (19-vi-09) | 4-6 (2-xi-08) j................ 
B.) Motsturean ‘air ery: coal... oc. sak wtisuraiepeeetecine vce Hose emaescccas COB Gh Be ee er aeod Poorer cor ite nbon stecd os Fle Fiplaipre « adie nye a’pie'o ad a.afple’ ei mo] aw cie'e ova oleisinrediareiefoioleigtyre:s ata’ suatiatavaia sara qieleis/e die etatatei ar ea aes ata aa ea 
Proximate analysis of coal 
6. Fixed carbon i in dry ooal—from anslyma of raw coali(R).....0. 90) 58°80 a iiteraerartee ctaisiain aisle ]olelove'a cletsisianervie olechnials ciel asialasiows waulslen’e tates uieieisisicn's 
% “ —from analysis of oy coal (D)... ie 62-4 
8. = “in dry and ash free coal—from R Sain eererelae cGy COs8i >, oA, | momtas a sicapha nhc « |e saitials <s/starhntalarsre: VARS eep tag shar) yodeccner: ie cnd 
9. 4 ees fram) D os jailties sic ae FOR OSG), aie Seley lace nana tach aie : 67-5 
10. Volatile matter in dry coal—from analysis of raw coal (R)..%j 24-8 (28-i-09) |... sc. ccc cea fe cc ee eee eee e ee elie e eee e ee eeenesslensececesens ayn Fi Boo cinet 
I.“  *  « & _from analysis of dry coal (D)...%) 25-1 (25-vi-08) |....5....eeeeeee 25-8 (13-vili-09)|..............+- Oo ate) 2) 3-8 Gee) 
12. - “ in dry and ash free coal—from as ois toie tala CANO (le eek ie a ae a aoe or ai at Been cre: MSEeERe ener Parma ermis soning it) pom ella BE SESE 25 ao ae PE ae des 
13. b GS ee * —fromD.......... %| 30-0 30-0 30-5 


14. Ash in dry coal—coal burnt in muffle 
15. Fuel ratio FC/V, M—from R 


| 16-4 (24-vi-08) 


16-0 (13-vi-08) 


15-8 (13-viii-09) 


11-2 (29-x-08) 


16. “ —from D 
Ultimate analysis of coal | 
17. Carbon in eg coal—from analysis of raw coal (R)......... Qe. ser ecenceereecleceseeeeeceeee 
18. “ —from analysis of dry coal (D).. o| 71-2 (41-09) Ae 
19. = in dry an and ash free coal too S eee Brsone eagsencer °| 50 
20. - from Fs s5.> ace aie ce fo) 85-2 
21, Hydrogen i in dry coal—from analysis:of raw: O0al\ CR) isi. « Sola rsic= ccjes «00. 2io) elpinte o aioce state ra tase 
22, * —from analysis of can coal (D).. 4-25 (41-09) 
23. G in 1 dry an and ash free Odak—fromi Ries sages ems - cs YOR vedas de cee he Seles 
24. “4 Sater PP aeas wei oe nea o} 65-09 
25. Sulphur i Gs 50" BRAG RBS Spb boc bree oSa7-sosQOACeE 
26. imdry.and:ash free coal... csiijaenevantsass,«vetees 
27. Nitrogen i PUGIY OOM. «i, » 4is -.»’5.0:0,2,c0 nd = Aielelelaia mteatspestterctes 
28. in dry = ash: free ooal.,.jk. seucsst hence ee 


29. Oxygen in coal—from analysis of raw coal (R) 

i ony “ —from analysis of coal (D). 
31. 4 in, and ash free cole cotter Ets F 
32. § ce AROM DD ta aia ats ts olgidicie'e ole 


33, Ash in dry coal—coal burned in oxygen.................5 - 
34. Carbon-hydrogen ratio, Tig a D Motmoreiog uct se tac. id Bois evercren et ocos Ate 


Calorific value of coal 
36. On n dry and ash free coal—from determination ..,..,.. 
37. “ —from ultimate analysis .. 


os. Colour of ground coal. ... . ..:. + .saeeaillnr eNews ralsisiay sais es ecerreececeeee 


89:> Coking properties. ..:.5..:..5:. «d/as Meee ae patie tea es 5 ai ae eae cat c| 


Brownish black |,......s.-..+- 


Paley ot oe. wie es wees POORER 22 


Rr ee | ae cases ee aaa 


ed | dial 


i pao % etaleaw stanixort 
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TABLE XVII 
WEATHERING TESTS OF COAL 


We Source al Coal, oc <5. vivsiso sagan come Hee Mcisivt pie'e nivia.e SAMPLES OF COAL FROM THE INTERNATIONAL COAL & COKE CO., COLEMAN, ALTA., No. 4 SEAM, DENISON COLLIERY 
Extra sample Sample Ex. 20 for wi ee Old coal fi side of Sample Ex. 21 for weathering tests. Outcrop 
Regular samples, run of mine for coking Sample Ex. 19 for weathering tests. Fresh coal taken from pated tunnel, 40 feet from mouth and 250 feet 3 pooh under grass roots, about 100 feet from Ex. oe 
coal tests. workings, 3 feet ve floor of seam. from Ex. 19, 3 feet above floor of seam. 3 feet above floor of seam. 
a Coal had been exposed for five years. 
(10-y-08) (27-vii-09) (7-v-08) (7-v-08) (7-v-08) 
2. Description of samples... ...... 06... cece cece n tee ceceacnees fad 
Exposed on tray (17-vii-08) Exposed on tray (17-vii-08) Exposed -vii-08) 
2 . Raw coal Dry coal Raw coal Dry coal es : Sea ts , 
Regular sample | Mine moisture put in tubes. put in tubes. Raw coal put in tubes. put in tubes. Raw coal Dry coal Raw coal Raw coal 
sample 7 = put in tubes. put in tubes. 7 put in tubes. put in tubes. put in tubes. put in tubes. 
(vii-08) (vii-08) (3-iv-09) (12-vi-09) (vii-08) (vii-08) (12-vi-09) (vii-08) gey (12-vi-09) 
S) Melanie rmber eas Ya tras ale oi sieeieie baci singebtes oe oe eseitia, n/a | 34 SP. 134 SP. 2034 SP. Ex. 19 (raw) [Bx 19 (dry) | Ex. 19 (special) | Ex. 19 (special) 
Moisture in coal “ 4 és 
me ED taal HPOISEUTE, cc: clere s Fb Byun Rk Slerticig eitinss eisjolelerela sipiie's eteis) since %| 1-1 (21-xii-08)} 2-0 (vi-08) 2-4 (13-viii-09)| 1-4 (29-x-08) |.............-55 0-3 0-7 (19-vi-09) 
Goo Mimtaremn air Ory Coal. 2... desc aac nstnaseoe eee k Sots pA PSE osigat. | EG (2D VI-GS) ot racie cree aiete,« iaicis| =\vie\p nie nlalsieva's ele,» a] rieielsicictors wla@lvie’e wie] tioteivte ere sieieiste aie Encik ees aiaeremaran 
Proximate analysis of coal 
6. Fixed carbon i in dry coal—from analysis of raw coal (R). . By 59-6 
ik “ —from analysis of ary coal (D).....%] 60-0 
£ “in dry and ash free coal—from R............- 1% 71-1 
. ; ‘A A Sr From Diiiics saison %| 71-6 
10. Noledie matter in dry coal—from analysis of raw coal (R)..%j 24-2 (29-i-09) 
1. « « « « _ from analysis of dry coal (D)...%J 23-8 (25-vi-08) |.......0.2-.0ee 22-9 (16-vili-09)|.. 00... eee 5 (tite) : = cern 
12. - oy in dry and ash free coal—from R. 28-9 Oe oe Onn COCnn OS nsnnnn it i cies Meer CMemnCaee Sc CMee erent rower cco ie sg BAA Re AT Rr ee ah 
13. ad « SE OIE OS) SE trom Di 28-4 ita . 
14. Ash in dry coal—coal burnt in muflle............0.0000005 %| 16-2 (2-vii-08) | 18-2 (30-vi-08) | 18-7 (14-viii-09)| 11-9 (29-x-08)|11-90 fee. 11-8 (21-vi-09) | 11-1 (29-x-08) | 11- pee ae 11-1 (21-vi-09) | 14-7 (29-x-08) Tiree: cee 14-6 (21-vi-09) 
rhe 
15. Fuel ratio FC/VM—from beta slelerosatstet slain elavelelslefeieretetaia seeMw as . : ee ay a 2-48 
16. Se DMS Ser .cncdbs en. GouEnapacued a . . BSc Bo fovwin cece nests ceafewasecateaeanasicleccepesiceeercese|. S240) | = a0 unease aecceesneeelsamaiee sareseee a 
Ultimate analysis of coal 4 
17. Carbon i in dry coal—from analysis of raw coal (R)......... ts | 78+ 2 77-6 (iv-09) 78-0 (iii-09) 7827, {E0-09) be Soc ooo ees 71-4 (iii-09) 70-2 (iv-09) |....... Stacie 
18. « —from analysis of dry coal (D). A : i - BE EDD): | | eeinivsniece'e u geictale'pta| e's slang Sue «.sioie 8 oo] sista e's ela weamelees SQPUGHR-OO) aioe. Scbstoacts «dele cos cwewen deems fia aitaa Saat eae 4 G08). eos as aireieitlon Seer See 
19. a in dey andl aah foes coal—from R. be craned Ze .| 89+ 88-0 88-0 Cy kena Pe Re ee 83-8 82-4 ee Sites Meee woke 
20. = WY “3 Sree f PONT ED vos serctdretenls See tee . oO OF "= LE —[cisicncicis vice plasictaly opipieis trvitmaa saat: [> dain aaa iieees ne errs omen eae ah ae Oe eee oe 
21. Hydrogen i in dry coal—from analysis of raw coal (R)....... 2 BORA RSBRD ER cA odee Hapseros st Sane dhoo. cc Spano soe . ii 2 : i 4-23 (iii-09) 4-14 (iv-09) 
22. “ —from analysis of dry coal (D). . .Jo| 4-27 (16-i-09) . na pelsias eclawe'siviclehe sdiviee wsaineninc eal tinge soticiactelecsles|) Sakae (kOe nik ai sera se 
23. e in dry and ash free coal—from R....... By Mcp emetic sence 4-67 
24, = “ —from D....... AA ETS Ue Ie Slee) Gaeta tts Tac) Pee ta het Gem EK: Silage (mt (oY «> iia Mel Oa gill | RR? 2 A= A Se Beery en ab Soe eh oA a 
25. Sulphur i in dry, ooals <> 6%. 3.0000 0-6 (29-vi-08)|.. uv: 6 (16-viii-09) 
26. “ dry and ash free coal 0-7 Maen cleeghucetideribeaseieet a accasts 
ite NCORBR IN GEV! COMI s.cis).te «> <5 a iuinlee ele sielo.e.slaaleie ote “ SO NG SEOS on lactic te adiele Bein [UES tuwisiaticcts e eie/n 
28. wee in dry and ash free coal...........-sceeeeeerees : 
29. 0: nm in coal—from analysis of raw coal (R) Vs 
30. ada an *« —from be ners of coal (D).. % op’ a 0 Hl a NES foie shone Mata attains eles tthe eater Sty taiplemtal. sick bee 
31. Sra Sry \ dry and ash free coal—from R.......... . , . 
32. = Oi APOTA MS Ais Sale atepscceee . Ch sae ue HS Sache ce aso Be seips 5 cima Bad bn oArae: poem ot 
33. Ash in dry coal—coal burned in oxygen................25+ . i . ii. 11-8 (ii-09) 12-0 (iv-09) 14-8 @v-00) SR ade eee 
34, Carbon-hydrogen ratio, OES ee | Seiten ce ancoer Ieee 
35. SAPOUN Yvoisrais,vraivls\cia'e'si tic: iare’ 8s 
Calorific value of coal 
36. On dry and ash free oe determination ........ 
37. is “ —from ultimate analysis. 
Colour of ground coal 
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TABLE XVIII 


WEATHERING TESTS OF COAL 


AE Soros) Of OGRL A. We 0 js sv is[p ouia)eih e's <istorainie thes tte BA Tare sisted SAMPLES OF COAL FROM THE CROWSNEST PASS COAL CO., No. 3 3 MINE, MICHEL COLLIERY, BC. 


—_—_— 
Extra sample Sample Ex. 23 for weathering tests. Taken in old tipple tunnel, Sample Ex. 22 for weathering tests. Coal exposed 8} years. 
samples, coal over 2” for coking 50 feet from mouth, after removing 10” to 12” of the Taken in old tipple tunnel 30 feet from mou! 
a clas and picking belt. surface coal. Surface had been exposed 83 years, by scraping exposed surface with fingers 
(30-iv-08) (27-vii-09) (7-v-08) (7-v-08) 
> Description of eamples. se cvs s.sv covers s vies cnmes easy cieve.s 
Exposed on tray (17-vii-08) Exposed on tray (17-vii-08) 
Regular sample | Mine moisture ies es cab Raw coal Raw coal atin fae eines, Ee ween Raw coal 
sample ut in tubes. ut in tubes, WwW CO! WC put in tubes. put in Ww CO! we 
» sample 3 i put in tubes. put in tubes. = le in tubes. put in tubes. 
(vii-08) (vii-08) (3-iv-09) (12-vi-09) (vii-08) (vii-08) (3-iv-09) (12-vi-09) 
aan | 
SseAample rumibarsetes co wNbe.dscekssokesnck ns eee 2031 Ex. 23 (raw) Ex. 23 (dry) | Ex. 23 (special) | Ex. 23 (special) Ex. 22 (dry) | Ex. 22 (special) | Ex. 22 (special) 
Moisture in coal 7 f : 
Alva TOtal Monet peye oa alate inlet eines wleteiale dg cafe a ete Coke ae : . ‘v-08, 1-0 (13-viii-09) | 1-0 (29-x-08) |................ 0-1 0-7 (21-vi-09) 1-4 (29-x-08) 0-5 (21-vi-09) 
Gs) Mopaeure mn aie Or yxOORl | Seyi. ke aids Gelewers's ones tee ok we Se 
Proximate analysis of coal 
6. Fixed carbon in dry coal—from analysis of raw coal (R) 
16 . “ —from analysis of cee coal (D. 
8. i «! in n dry an and ash Free coab—<frorn Bee. occ scielbn a PQ) TLCS et ww Gl Netw oe MB calor eRe ta ical aT -< o(elca'a Al arpa oie ed mas > pececalernd |< o"sciwiate wine trek oe] COTS. tae ee ieee acne ee 
9. 2 i ut from D. fe 
10. Volatile matter in dry coal—from analysis of raw coal (R). . %| sansa fare (ol hn, An dials Se | Wofaiatatetams o's Sars; cine | sas 
11. * « « * —from analysis of dry coal (D)...%j 24-7 (10-vi-08) |...... 21-5 (13-viii-09) |... a ee) 
12. Ww = in dry and ash free coal—from R.. SAO Roce FM WIN Saretalsiete itteimolesiase lo miattatelaleiaigtetetalslale] syste’ «,aie'a'sse'biaiptele ofa aie saloon cieiceritie|Cemumiicacesace sc GBPe | on Rare ALcoes 5 aeieity | seeker 
13. £ £ =e “ —from D He : 
14. Ash in dry coal—coal burnt in muffie.......... 00.24: re : i-08)| 10-0 (18-vi-08) SIG. (20-c08)el 13:5 h peel ye || Seen 3-3 (22-vi-09) | 22-2 (20-x-08) | 22-2 
15. Fuel ratio ECV. WE —Frornn Bees Bice ces cielo hehe te sone a, otal Ue eae) 9) Do oe SoC 00g te] TOOOR Re TeSSOAgEE| DAROS bdr Seb H HEROS RDO sak Obese eee fer peeemeiinnt “Ar amt on | 
16. —from D 


Ultimate analysis of coal 
17. Carbon in lier analysis of raw coal = 


a. Sete rormeatyais of er Sense (Woe ro ood baa co ernie neice 
19, “ in dry and ash free cont i cee: Peageansaaae dean | oo 

20. Re ee ele ce ohn ha EO Din tees coe ee GROOM, eae oes 

21. Hydrogen i in . dry coal—from analysis of raw oF (R).. 

22. “ —from analysis of ue coal (D) 

23. Ke! in dry and ash free coal—fro: 

24. - nd ‘ 

25. Sulphur i in GLY OOM sles sa Ma ae ee delag aus «eharehee sesie asi 0-5 (15-vi-08) |.............005 0-5 (16-viii-09 
26, Midry and'anh ffee:o0al as vdias 02s ceck eee cdad 0-6 ; ‘ u 
27. BUT in dry coal 1-2 (6-y-08) 

28. in dry and ash free coal 1-4 : : 

29. gen in dry coal—from analysis of raw eres Rh) eae. 

30. a “.—from analysis ane es 

31. Sy sity dry an and ash free coal—froi 


32. Chae D : 
83. Ash in dry coal—coal burned in oxygen. . 


34. Carbon-hydrogen ratio, C/H—from R. 
35. “ —from D. 


Calorific value of coal | 
36. On dry and ash free coal—from determination .. . calories| Boa (27-iv-09) 
FG cs Cea} “ —from ultimate analysis... . calories} 8 


aa Calin of ground coal. ".-.:.... 21.0 ce ee ee ee 


30. Coking ‘properties... ...........05,5 + «2 « seis SRE em ee Cokes 
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TABLE XIX 
WEATHERING TESTS OF COAL 


Ju, Souroe Of 00. o<:6:0:-506 cc even ccs u csonle ase cie ee vecielelveisy vis SAMPLES OF COAL FROM THE NICOLA VALLEY COAL & COKE CO., No. 2 MINE, MIDDLESBORO COLLIERY, B.C. 
atid) ogee Seer po chine Sample Ex. 25, for weathering teats; fresh coal tak See Ei ide onal whew teked berteneet Galea Sample Ex. 24, or weathering tests outer coal taken from 
reshly mined run jample Ex. ‘or weathering co: en eet from w! it or coal 
of ine coal. 1400 feet from portal. 104 months. * under 3 feet of surface drift. 
(18-iv-08) (2-vi-08) (2vi-08) (2-vi-08) 
2 Description of samples. 2... 0..cescscececscccesesessonsece } 
Exposed on tray (17-vii-08) Exposed on tray (17-vii-08) Raw coal Exposed on tray (17-vii-08) 
Minaanclstite Raw coal Dry coal We Db eae ES Raw coal Dried coal put in tubes. put in Deal weet outer, ) 
Regular sample ~ ila put in tubes, put in tubes, Raw coal Raw coal put in tubes. put in tubes. Raw coal Raw coal Raw coal Raw coal 
P) a 4 put in tubes. put in tubes. i put in tubes. put in tubes. (vii-08) (vii-08) bey in tubes. put in tubes. 
_| (vii-08) (vii-08) (3-iv-09) (12-vi-09) (vii-08) (vii-08) (3-iv-09) (12-vi-09) (12-vi-09) 
3; ‘Sample number: osc. s020 c5ss ecw odsesasecaieisign etre ccs 22 SP. 122 SP. Ex. 25 (raw) Ex. 25 (dry) | Ex. 25 (special)| Ex. 25 (special) Ex. 26 (raw) Ex. 26 (dry) Ex. 26 (special) | Ex. 26 (special) | Ex. 24 (raw) Ex. 24 (dry) Ex. 24 (special) | Ex. 24 (special) 
Moisture in coal . x A ? 
4. * ‘Total inoisture: ..o0-0- szee ss eee ee vemteren est %| 2-7 (18-vi-08) | 2-9 (vii-08) | 2-6 (20-x-08) |.........02..0++ 1-3 1-7 (21-vi-09) | 4-1 (2-xi-08) 2-1 (21-vi-09) | 25-5 (29-x-08) 
§. Moisture in air dry coal...........e.ceceveeeeerccceeers WA Beasogedor cmc BiB HBO-VIHHOS)) Weieiccisvicie » vicieie sip clave sleswjeevisieins cisls 
Se oe eet 
Proximate analysis of coal 
6. Fixed carbon i in dry coal—from analysis of raw coal (R).. . E 
qs: « —from east of dry coal (D) 
8. ng . in dry ar and ash free co oe ee 
9 «(« « « reer Sea P 
10. Volatile matter in dry coal—from analysis of raw coal (R)..% 39-8 (28-1-09) |..... 2... eee cece c cnet eee eee lee nese eee r scene 
1. = © &  & _from analysis of dry coal (D)...%} 390 (25-Vi-08) |.......060-0ceedeceeeserereeeres prey perc Na hag areas eeereh Acacia ee 433 aca) $3 fee 
12. = bs in dry and ash free coal—from R... -%| 45-7 wcaccceaMeetecccfevccccencccccccc| Mee) 6 | 1 Ul se eacietn ncn wnie ocpevaiclsaedin cts o.n\slniele}e-«/aieiseienessreiste a simtal | Ar Oi tmn Em Netiietie atts aie aie ats Sates eee 
4. % =) wee CE hare Feet WR Miao Os Jo) 44-8 * 47-7 
14. Ash in dry coal—coal burnt in mufile.......060.-00eee0 ees Jo] 12-9 (19-vi-08) | 11-4 (B0-vii-08)| 3-9 (204-08) | 3-9 |e eeeeeeeeeee 3-9 (20-x-08) 
15. Fuel ratio FC/VM—from Bisa. ciaaie a dalsis n.ao'ctere ofesals silawreech SOME MMMMMlintersts cietcte ereistete cialis] Chatto mice ecctsrels-o tate [ao ateia-a visidfeistereineisl eis oils sicieje'erqisisisiole)|/PkSGOtn oh. SiN aictaperaiaislsatmslaninials 
16. —from D. ....cdcccasccssscccccccwetiecr sf L920, "0 ewe Geebcccressieleccsescecccncgeel, L°OL = §  — fraivcicciecnnisisicieedfeccsitioe veers ciiss|eccscevesesievsns, 
Ultimate analysis of coal 
17. Carbon i in dry coal—from analysis of raw coal (R)... 78-1 (iv-09) 4 as: 8 (ai-09) 
18. “ —from analysis of om coal (D). SSSieeaNG ald aiaiee/s > ole] tte «asserts clara sie a LaimeNs ecg a's a meorae 
19. z in dry an and ash free coal—from R. foun 
20. brats Se Eero Dein saitls pos cheae oT EOeO! Ci All agers So alelnalereree t|© sinisieeisjocie vncie’e.s| SLOG? Py = la — Nvlaceiereiv:sisin'e'ninsidisldfumbe an snenindeos [edie on en Sm side anae 
21. Hydrogen i in dry coal—from analysis of raw coal (R) BETO: AGHI-0O)) doe cereieicie te ceeOlOle |” MUNN Devgan onesies 
22, “ —from analysis of Gin cont ‘@) Atal erates 00:0 /0/e/oinleie.e BeBe.” GH-O0) [os attra csem cela combo ed ane qedalnan ese alan siawtal 
23. ‘ in dry an and ash free coal—from R B04 france tess cetcese|, S*86Gv-O0)) foo ee ee oe ees scien 
24. * «etre Ds Shes drat 
25, Sulphur i in (Bednar a ia lncbon.ascssaqpeiga aca 0-7 (15-vi-08, 
26. Pe td dry and ash free coal +8 : : 
27. Nitrogen in QOL «)ars.0\a:e7a/a'ajea\b/ehatalale(alateleeleja’s(exepertate ero [ats 
28. ae eae, and ash free coal. . 
29. Oxygen i in dry coal—from analysis of raw coal (R) 
30. (3 —from analysis of coal (D) 
31. - in dry and ash free coal—from SabAnosondanaaod 
32, be Eero Dire cco n cree une 
33. Ash in dry coal—coal burned in oxygen 
34. Carbon-hydrogen ratio, C/H—from R. 
35. “ —from D... 
Calorific value of coal 
36. On dry and ash free coal—from determination ........ 
37. “ —from ultimate analysis .. 
88. Colour: of ground’ coal). .<i/e'sioreaisttisiels is.d tistalstoreie'e s Ealemals ola cule aiaie aibtelctelsiaisis.e|picleisie'sierejeisisie'e.s’a clans cingsiss «t'nes gi 
30." Coking. propertiags << 0. << «sass taeults ee nae es cfd onieiss)s Helen mal aces aivies diawias s|ueis.n16,s s\s.010.0 2/0 oa[yis'o(e'e's'sla'euria ¥i0'a 
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TABLE XXIII. 


Experiment I, with 0-92 pounds of finely pounded coal, sent from the pit 


4 days previously and freshly pounded up. 


Time Oxygen 
She since coal Rate of Deneene Carbon pene Ebeered 
ye mE was ventilation of mea! _dioxide ead per ton of 
Bah pounded per hour. ‘| increased. | 1, ects coal and 
up. : per hour. 
oir Hours. Cub. Ft. Per cent. Per cent. Per cent. Cub. Ft 
59 2 0-091 1-10 0-07 0-290 2-45 
59 5 0-131 0-72 0-02 — 2-30 
59 8 0-080 1-00 0-05 — 1-95 
60 20 0-114 0-46 0-04 -— 1226* 
101 25 0-114 1-29 0-05 0-075 3-58 
108 29 0-114 1-48 0-12 0-100 4-11 
125 32 0-103 2-18 0-10 G-110 5-59 


* Ventilation left on for 12 hours since last determination. 


Experiment II, with 2-7 pounds of pounded coal (same sample as used 
in last experiment) sent from the pit 3 months previously and fragments 
pounded up a few hours before the experrment. 


Oxygen 

Tem-| Rate of absorbed 
pera- | ventila- Deficiency Carbon Carbon per ton of 
tureoff tion per | of oxygen. dioxide Methane. monoxide, coal and 
bath hour. increased. per hour. 

°F. | Cub. Ft. Per cent. Per cent. Per cent. Per cent. Cub. Ft. 

59 0-078 0-40 0-09 0-00 0-00 0-26 
160 0-084 5-31 0-67 0-07 0-14 3-70 


A sample of coal, from another pit, which had stood in lumps in the 
laboratory for about two years, was still found to absorb oxygen when 
pounded up. 

Haldane and Meachem deduce the following important results from 
these experiments. 

(1) The rate of absorption of oxygen by coal is proportional to the 
partial pressure of the oxygen present. 

(2) The rate of absorption of oxygen is approximately doubled for 
every 30° F. rise in temperature. 

(3) The rate of absorption of oxygen at any temperature decreases as 
time goes on; at 59° F. it falls to half value after 20 hours. 

(4) The absorption of oxygen takes place on the surface, thus lump 
coal that had been exposed to the air for two years would absorb more 
oxygen when fresh surface was exposed by crushing. 

The experiments, by which the numerical values given are deduced, 
are open to criticism, but in any case these figures would vary with every 
different sample of coal. The general conclusions, however, are probably 
correct and bearing these in mind we can now go on to study the conditions 
existing in coal piles. 
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A pile of coal is in itself a very poor conductor of heat. This is shown’ 
by the fact that snow has been known to remain a whole year under a coal 
pile. The writer has heard of coal, stored during the winter in Cape Breton, 
brought up to Montreal during the spring or summer and rebanked, still 
having Cape Breton snow mixed with it when it was dug out of the pile in 
Montreal. Again, it is customary to test the temperature of a coal pile by 
means of iron rods pushed down through the coal; it has not infrequently 
happened that fire has been detected in a pile within 3 or 4 feet of a 
cool rod. We can, therefore, neglect the heat conductivity of the coal itself 
and assume that the only way in which heat generated in the pile can 
escape is by means of air currents. Again, on account of its low con- 
ductivity, after once a coal pile has been made the atmospheric temperature 
ean have little effect below the surface except through air currents. 

We will now consider a coal pile through which there is a slow circula- 
tion of air. 

Then:—(1) Unless the surfaces exposed are already oxidized, oxygen 
will be absorbed from the air by the coal and heat will be evolved. 

(2) Unless the heat of oxidation is carried away by the air current as 
fast as it is generated, the temperature of the coal will rise. 

(3) As the temperature of the coal rises its rate of oxidation increases, 
that is, heat is generated more rapidly, so that the hotter the coal is, the 
more rapidly it tends to get hotter still, unless some secondary effect comes 
into play keeping it cool. The increase of rate of oxidation with increase 
of temperature will vary with different coals and although the velocity of 
oxidation may not be doubled for every 30° F. rise, as is said to be the case 
with Hamstead coal, the rate of increase is undoubtedly rapid. In the case 
of chemical reactions where the reacting substances are in intimate contact, 
as for example in solutions, the velocity of reaction approximately doubles 
for every 18° F. rise in temperature. 

(4) As the temperature of the coal rises, the number of its constituents 
that can oxidize with noteworthy speed is increased. 

(5) At any given temperature the rate of oxidation of the coal, that is, 
the rate of evolution of heat, will decrease as time goes on; this being due, 
of course, to the gradual completion of the oxidation of the readily oxidizable 
constituents of the coal. 

(6) The higher the temperature and the more rapid the oxidation, the 
greater the air current will have to be to supply the necessary oxygen: At 
the same time, the higher the temperature at any spot in a coal pile is 
above the rest of the pile and the outside air the more convection currents 
will be set up. A warm spot in a pile may thus cause its own cure by 
setting up convection currents sufficient not only to supply the oxygen 
being absorbed, but also to carry away the heat faster than it is being 
generated, and in this way to cool the spot. 

Generally, after a coal pile has been built, the temperature at any 
place inside the pile slowly rises, the oxidation of the fresh coal being com- 
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paratively rapid; after a while, owing to the gradual completion of the 
oxidation of the surface exposed and to the cooling effect of the convection 
currents, the rise of temperature comes to an end and the coal begins to 
get cooler, ultimately reaching atmospheric temperature. Occasionally, 
however, the first rise in temperature will take the coal above what may 
be described as the critical temperature; the oxidation is then so rapid that 
the retarding and cooling influences are insufficient, and the coal goes on 
getting hotter and hotter until it is in open combustion. 

“A coal pile is more likely to catch fire if:— 

(a) The coal is an easily oxidizable one. 

(b) The surface of coal exposed is large. 

(c) Air is supplied at a rate sufficiently fast to supply the required 
oxygen but no faster. 

(d) The heat generated cannot readily escape, and 

(e) The initial temperature is high. 

We will now proceed to consider these conditions. (a) is confirmed 
by Prof. Fischer of Géttingen, who states that coals which rapidly absorb 
bromine are those which are most liable to rapid oxidation and spontaneous 
ignition. He recommends, as a practical test, shaking one gram of the 
finely ground coal with 20 c.c. of a half normal solution of bromine for five 
minutes. If the smell of bromine has then disappeared, the coal is lable 
to oxidize rapidly and is not a safe one to store. Prof. Lewes states that 
a coal that gains more than 2 per cent in weight, when heated to 250° F. 
for three hours, is dangerous. : 

(b) As was shown before, the oxidation of the coal is a surface action, 
and the more surface there is exposed the more rapid is the action. Piles 
of lump coal rarely, if ever, catch fire; the danger is with run of mine or 
~ slack coal in which the surface exposed is so much larger in comparison with 
the weight. On shipboard, fires usually begin in the pile of broken coal 
formed under the hatches during loading. It is well known that cotton 
waste soaked in oil is liable to catch fire. There is in this case a large 
surface of the oxidizable material exposed in comparison with its weight. 

(c) and (d). These conditions are most likely to be met with in a large 
pile. Inside such a pile it is not easy for the heat to escape, and although 
in one spot the air circulation may be too rapid and in another too slow, 
the probability of the circulation being just right in some place is greatly 
increased. The increase of danger with the height and size of the pile has 
been repeatedly proved. The most striking proof has been supplied by 
H. Fayol.’ 

An account of H. Fayol’s excellent work at Commentry, in France, 
will be found in Prof. Threlfall’s paper referred to above, or better still in 
the 1897 Report of the New South Wales Royal Commission. 

Fayol built a pile of freshly mined Commentry slack coal, 40 metres 
long and varying in height from 6 metres to nothing. The pile was 1 metre 


1 “Wtudes sur l’altération et la combustion spontanée de la houille exposée a l’air’’—Bull. Soc. Industrie 
Minérale, Second Series, Vol. 8, 3rd part. 1879. 
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wide at the top. The temperatures were taken daily at eleven different 
points in the pile; the atmospheric temperature was also recorded. Fig. 3 
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Fig. 3. Curves showing temperatures in coal pile. 


shows: a section of the pile with the points of observation marked, the 
curves plotted from the daily temperature readings, for 90 days, at six of the 


103 


eleven points (the curves at the alternate points are left out to avoid con- 
fusion); the curve of the atmospheric temperature over the same period; and 
longitudinal and cross sections of the pile at the end of 90 days with 
isothermal. curves plotted. 

The curves show that rise of temperature increases with the height of 
the heap, and that the highest temperature occurs directly under the highest 
part of the heap and near the ground. In the thinnest part of the heap 
the coal rapidly cools from its original temperature and afterwards 
approximates to atmospheric temperature. Towards a height of 3 or 4 
metres the temperature rises for a while and then falls again without ever 
passing 60° or 70° C. Where the heap is 4 metres high or over, the 
temperature continues to rise and ultimately the pile fires. 

l’ayol says: “From whatever part of the mine it comes, whatever may 
be its ash content, or the nature of the ash, coal piled up in the air heats in 
approximately the same manner and appears in its heating to follow laws 
which are approximately constant. Atmospheric influences—cold or heat, 
drought or damp—have not been sufficiently marked to be sensible.”’ 
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Fig. 4. Curve showing relation between size of coal cargoes and liability to fire. 


With Commentry slack coal no spontaneous combustion has occurred 
with heaps of less than 63 feet high; but where the height exceeds 13 feet, 
spontaneous combustion nearly always occurs. This fact, that there is a 
danger height for any coal, abovewhich it is not safe to build a pile of that 
coal, has been repeatedly confirmed. 

The New South Wales Commission have shown this same point, of 
increase of danger with increase of size of pile, in a quite different way. 
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They have collected statistics of 2,149 shipments of coal, 13 of which fired 
or heated. Fig. 4 is a curve which shows the percentage of casualties 
plotted against the size of the cargoes. Itis quite clear from this curve | 
that with the coal and under the conditions that these ships were loaded, 
the danger of heating or firing increases very rapidly when the cargo exceeds 
3,000 tons. 

(ec) The danger of an initial high temperature was first established by 
the New South Wales Commission. Their attention being directed to the 
epidemic of casualties during the hot summer of 1895-6, they were able 
to show clearly from their data that spontaneous fires in cargoes were 
associated with high maximum temperatures. 

Prof. Threlfall has prepared, from data presented to the British Royal 
Commission of 1876, by E. Cooper Rundell, the curves shown in Fig. 5. 
The full curve shows the casualties from fire or heating for all ports of the 
United Kingdom, and for each month of the year, expressed as percentages 
of shipments of 500 tons of coal and upwards on voyages across the equator 
and through the Suez canal. The figures from which the curve is plotted 
cover a period of 3 years and are for 4,898 shipments with 102 casualties. 
The dotted curve shows the mean temperature throughout the year. 
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Fig. 5. Curve showing relation between time of lading of coal cargoes 
and liability to fire. 
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The intimate relation between the percentage of casualties and the 
temperature at the time of loading is beyond doubt. 

It is not so easy to prove the same fact with regard to piles of coal on 
land. <A coal pile is usually built gradually and with no record of cates or 
temperatures. The writer’s attention was called to a coal pile which had 
heated rather rapidly, but which, having been built (in Canada) towards 
‘the end of September or the beginning of October, might have been sup- 
posed to have been cool to start with. Inquiries, however, had elicited 
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the fact that the coal was observed to be warm when unloaded from the 
steamer (estimated at 90° F.) although this had not been reported at the 
time. 

One experiment by H. Fayol may be cited in this connexion. He 
showed that by heating the coal to a high initial temperature, which was 
yet well below its ignition point, it was quite easy to produce spontaneous 
combustion even in small piles of coal. This is perhaps the most conclusive 
experiment that has yet been made as to the influenceof air on the spon- 
taneous combustion of coal. 

He made a conical heap of coal, containing from 70 to 100 cubic feet 
of coal, on the ground, surrounded with a ditch which could be filled with 
water. A cover was put over the coal, large enough to surround the heap 
and fit into the ditch, in such a way that the heap could be hermetically 
sealed from the external air. In one experiment the coal was heated to 
about 100° C. to start with. The cover was left in position, but some air 
holes with which it was provided were opened and shut and the temperature 
variations observed. When the holes were open the temperature rose, 
when they were closed it fell. By leaving the holes open for two days 
spontaneous combustion resulted ; the fire was put out by closing the holes 
and allowing the temperature to fall to 60° C. 

Very little is known of the actual chemical compounds to be found in 
coal, although a great deal of work has been done on the decomposition 
products of coal when heated. Coal has been treated with acids, alkalies, 
ether, alcohol, pyridine and other solvents, and the extracts examined; but 
the results achieved have not been very great as yet. It is certain, however, 
that many coals contain unsaturated hydrocarbons and aldehydes, sub- 
stances that are readily oxidized, the oxygen being added on to the molecule 
and not resulting in the formation or splitting off of carbon dioxide or water. 
Unsaturated compounds are detected by their power of absorbing bromine, 
as in Prof. Fischer’s test described above. Aldehydes when oxidized pro- 
duce acids; organic acids have been shown to be produced by the weathering 
of coal. 

Although a great deal of work has been done on the weathering of coal 
the results are very difficult to summarize, classify, or discuss. Coals of all 
ages and qualities have been used and the weathering has proceeded under 
such variable and often uncertain conditions that very little can be deduced. 


The chemical changes taking place in coal when oxygen is absorbed 
are easier to follow when proceeding more rapidly, that is, at higher tem- 
peratures. Dr. Richters of Waldenburg' heated 2 grams of a coking coal to 
190° C. for 10 hours in a current of dry, carbon dioxide free air, and collected 
and weighed any water or carbon dioxide produced. He found that the 
coal gained 4-21 per cent in weight. The analysis of the coal before and 
after heating is shown in Table XXIV. 


; Dingler’s Poly. Journal, Vol. 190, p. 398, Dec., 1868. Translations of several of Richters’ papers are 
given in the Report of the New South Wales Commission. 
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TABLE XXIV 


104-21 parts by weight 
Coal dried in desiccator. Heated coal. of the heated coal, 
containing, consequently 


% % parts 
WEATDOU: Pie. ite beatae: 86-82 82-19 85-65 : 
Hydrogen y tine eases 4-26 3°38 3:52 
Oxygen (and Nitrogen)...... 6-40 11-96 12-47 
fact | Wea Sire ata tinder Me ape aes 2-52 2-47 2-57 
MOUS T Seen we as ge mete 4 100-00 100-00 104-21 


The coal accordingly lost by heating 0-74 per cent of hydrogen and 
1-17 per cent of carbon, but gained 6-07 per cent oxygen. The water 
produced, however, corresponded to 0-66 per cent hydrogen, and the carbon 
dioxide to 1-25 per cent carbon. The result of the experiment is, therefore, 
to show that by heating the coal in air there is complete oxidation of the 
hydrogen and carbon which it loses. 

Dr. Richters also showed that coal would absorb carbon dioxide as 
well as oxygen, and that its behaviour towards oxygen was materially 
changed by the absorption of carbon dioxide. 

H. Favol has done similar work on the oxidation of heated coal. He 


ho 


go J 
° 10 $o Days. 
Fig. 6. Curves showing components of variations of weight of heated coal. 
Components of the curve of variations of weight of Commentry coal, in powder, exposed to air at 200°C. 
A=Curve of variations of weight, as observed. 
B= e Me a «*« due to absorption of oxygen. 


C= We Ss Hie ** due to loss of hygrometric water. 
D=+ i** st es . ** due toloss by slow combustion. 


continued the heating for a longer period and analysed the curve of variation 
of weight into its separate components. Some of his results are shown in 
Fig. 6. 


TABLE XXV 


‘ROW- 


Bepson (1) Parr AND Baker (3) 


PART I—LAST PORTION OF AIR IN EXHAUSTION OF VESSEL 


Time coal stood in vessel after closing and 
before exhausting, days 


C.C, of gas per 100 grams coal 


Composition of gas— 
othane fed. sees tpeclsie= ese sis %i 
Carbon dioxide. % 
Oxygen.... 2% 
NitPomets 2a aictie ep ciceaisin ss teas % 


Air of vessel was dis- 

pissed by mercury be- 

ore commencing the 
evacuation, 


ae oxygen + nitrogen per 100 od 
Deficianey af ‘oxygen as % of O+N com- 


pared with 21-0% in air 


65-0 
+19-6 


+16-3 


PART Il—GAS REMOVED BY VACUUM. 


oe 


Time coal stood in exhausted vessel for cual 
to be evolved, days 


C.C. of gas per 100 grams of coal 


Two fractions, 


Composition of gas— 


GORING aria tas dts cee cleinie os stp aisle % 
Carbon dioxide. -.% 
ee monoxide. a4 Zo 

xygen...... aie 
DY SCLOMUTE Tic cavtyersicvstaso) tale crete hie staan eee A 


seme of oxygen as _% of O+N com 
pared with 21-0% in air 


9-7 
+4-3 


1) “The Gases enclosed in Coal and a iat 


2) “The Gases enclosed in Coal and Cert 


(3) “The Occluded Gases in Coal,” by 8. W. Parr and P. Barker, Bulletin 32, 


Bedson, Trans. Inst, 
” by F. G. Towbnige, 


» 1902, Vol. XXIV, p. 27. 
isl, 1906, Vol. XXV, p. 1129, 
University of Illinois Engineering Experiment Station. 
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He finds that when coal is first heated in the air to 200° C. it rapidly 
loses its hygroscopic water; it also absorbs oxygen, thus increasing in weight, 
rapidly at first but more slowly after a while; but it also loses weight owing 
to slow combustion with the evolution of carbon dioxide and water; this is 
very slow at first but after about five days becomes quite rapid. The net 
result of these different changes is shown by the full curve: the coal first 
rapidly loses weight (to the extent of its water content) and then gains 
weight fairly rapidly for two or three days; it then loses weight very slowly 
for about seven days after which the loss of weight becomes quite rapid. 

All these reactions which take place at high temperatures, in all pro- 
bability also take place at ordinary temperatures, although much more 
slowly. 

No figures showing the actual relation between the oxygen absorbed 
and the heat evolved seem to be available for any coal. 

The oxidation of coal, as illustrated above by the work of Richters, 
Fayol, and Haldane and Meachem, might seem to be amply sufficient to 
explain the phenomena of weathering and spontaneous combustion. In 
spite of this, whether justified or not, there is a wide-spread opinion that 
some extra cause must be found to explain the firing of coal. Some writers 
appear to think that this extra cause must in itself be sufficient to heat the 
coal to its ignition point. This is a most improbable theory; it is far more 
likely that it is only necessary for the coal to be heated up to some tempera- 
ture where it is still well below its ignition point, but where the oxidation 
of the coal becomes sufficiently rapid to ultimately heat the coal up to the 
ignition point. ; 

Several different ways in which coal may receive an initial heating 
will now be considered. 

(1) Occlusion. It is found that the metal palladium can absorb at 
ordinary temperature and pressure nearly 900 times its own volume of 
hydrogen. This gas does not appear to form an actual chemical compound 
with the palladium, but rather to be dissolved in it or possibly condensed 
on its surface; it is said to be occluded. When a gas becomes occluded 
heat is often given out. 

Charcoal can occlude large quantities of many gases; the quantity of 
gas absorbed increases with the pressure and is approximately proportional 
to it. The quantity of heat given out during the occlusion nearly ap- 
proaches that set free on dissolving the gas or by its passing into a liquid 
condition. Cocoanut charcoal, for example, will absorb nearly 100 volumes 
of carbon dioxide at ordinary temperature and pressure, about 150 calories 
of heat being generated for every gram of gas absorbed. 

Freshly prepared charcoal that has been cooled in absence of air, is 
very liable to spontaneous ignition if exposed in large piles, this being due 
to the heat generated by the occlusion of the oxygen and nitrogen of the 
air. The actual oxidation of the carbon is probably negligibly small until 
a high temperature is reached. Here, therefore, is a case where the carbon 
is actually heated up to its ignition point by the heat of occlusion of gases. 
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Coal contains a high percentage of carbon, but that is probably all in 
the combined state. Coal certainly does not occlude gases to anything like 
the extent to which any of the common forms of charcoal do. 

A large number of analyses have been made of gases extracted from 
coal, but the experiments are hardly conclusive. 

When coal is first exposed during the working of a mine, hydrocarbons 
are always evolved, sometimes to a very great extent; this evolution often 
goes on for a considerable time and with a consequent reduction of the 
calorific value of the coal. There is no proof, however, that these gases 
were not mechanically enclosed under great pressure in the pores of the 
coal, whence they escape when the pressure is reduced. When the coal is 
exposed to the air, besides losing hydrocarbons, it absorbs oxygen and 
nitrogen, the proportion of the former being greater than in air. This 
absorption may be merely a diffusion. of the air into the pores of the coal 
together with an oxidation of the coal by means of the extra oxygen. If 
this coal is now placed in a vessel and the gases pumped out, oxygen, 
nitrogen, hydrocarbons, ete., are obtained. 

The crucial method of distinguishing between gas mechanically enclosed 
in the pores and occluded gas is that gas mechanically enclosed cannot 
occupy a greater volume, under the pressure at which it was enclosed, than 
that of the pores it occupies, whereas occluded gases can occupy a greater 
volume, for example, palladium, as mentioned above, occludes many hun- 
dred times its own volume of hydrogen. 

We cannot test the way the hydrocarbons referred to above are held 
in the coal, as we have no means of knowing the pressure to which they 
have been subjected. 

A few examples of gases extracted from coal, at ordinary temperatures, 
are given in Table XXV. These figures show that the total volume 
of oxygen and nitrogen known to be extracted from the coal is so small 
that it leaves the question as to whether the gases were occluded or mechani- 
cally enclosed uncertain. The difficulty of separating the gas out of the 
coal from the air in the containing vessel makes it impossible to even 
determine the volume of the former, unless the vessel is filled with water 
or mercury before beginning the extraction. 

The large quantity of methane in fresh coal and the small amount left 
in coal that has been exposed to the air for some time is clearly shown in 
the table. 

Bedson and, working under his direction, Trowbridge, frequently find 
the proportion of oxygen to nitrogen in the gas extracted from coal to be 
greater than in air; this would appear to be strong evidence for Bedson’s 
claim that oxygen and possibly nitrogen, but proportionately more oxygen, 
were actually occluded by the coal. 

Most experimenters, in all but a few of their experiments, find the 
proportion of oxygen in the gases extracted to be less than in air. As 
oxygen is known to be comparatively readily taken into combination by 
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the coal, this deficiency does not necessarily disprove Bedson’s statement, 
rather the claim is confirmed by the fact that an excess of oxygen is occas- 
ionally found. If oxygen is occluded, and to an extent compared with 
nitrogen relatively greater than in its occurrence in air, the experiments 
just cited indicate that in the majority of cases the occluded oxygen com- 
bines with the coal so rapidly that there is a deficiency of oxygen in the 
gas which can be pumped out again. 

The nitrogen is always in excess over the oxygen if the coal is heated 
before the gases are pumped out, oxidation being much more rapid at 
higher temperatures. 

The conclusion arrived at, from the above discussion of evidence, is 
that the quantity of air occluded by coal is so small that the actual heat of 
occlusion cannot be important; but a secondary action must be considered 
in which the occluded oxygen is probably no longer negligible. 


(2) Oxidation Accelerated by Occlusion. When two or more gases are 
occluded in the same substance, they are brought into such intimate contact 
with each other that they may combine with notable rapidity, although if 
they were mixed in the gaseous state combination would be inappreciable. 
Platinum black, gas and pipe lighters are well known examples of this type 
of reaction. The platinum black exposed to the air occludes oxygen; when 
it is brought into an atmosphere of coal gas or alcohol vapour these latter 
are also occluded, and coming into very intimate contact with the oxygen 
they are oxidized with such rapidity that heat is generated faster than it 
can be dissipated and the temperature rises to the ignition point. 

Charcoal that has been heated to remove occluded gases and allowed 
to cool in an atmosphere of hydrogen sulphide, catches fire when placed in 
an atmosphere of oxygen. The oxygen combines with the previously 
occluded hydrogen sulphide, although if the gases be mixed under ordinary 
conditions no appreciable action results. 

Freshly mined coal may be compared with the charcoal described 
above. The coal is saturated with hydrocarbons instead of with hydrogen 
sulphide, and exposed to the air instead of to oxygen ; it is quite natural to 
expect that in this case also an accelerated oxidation will take place which, 
once begun, may easily result ultimately in the firing of the pile. Even if 
the coal has lost all its gaseous hydrocarbons, the occluded oxygen will be 
brought into such intimate contact with the readily oxidizable constituents 
of the coal that the same result will be reached. 

Coal occludes gases to so small an extent that the action described 
above is not likely to heat it up to its ignition point, but may provide the 
initial heating for which we have been looking. For reasons already given, 
open combustion will result only in a large pile. 


(3) Oxidation of Pyrites. That the spontaneous firing of coal is due to 
the heat generated by the weathering of the pyrites it contained, was one 
of the first theories advanced, and it is still widely held. Experts such as 
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Lewes and Threlfall now vigorously combat the idea that the pyrites do 
more than slightly assist. 

The arguments brought forward by the two sides are somewhat as 
follows:—_ 

Nearly all coal contains pyrites. 

Pyrites is known to be oxidized by the air in the presence of moisture, 
heat being thereby generated. The reaction may be written as follows: 
2¥ eS, +2H.0O+70,=2FeSO +2H,SO , although it is probable that the 
reaction proceeds partially or altogether to the formation of ferric sulphate 
or basic sulphates. The pyrites may also decompose in such a way as to 
liberate sulphur. 

The above reaction requires water, and wet coal is commonly supposed 
to be much more liable to fire than dry coal. 

Coal mine waters often contain notable quantities of sulphuric acid, 
thus proving the weathering of the pyrites. 

Coal heaps that have been exposed to the weather often have visible 
lumps of basic ferric sulphate, and ventilation holes in such piles are said 
to sometimes become choked up with the free sulphur deposited in them. 

On the contrary, there does not appear to be any connexion between 
the amount of pyrites in a coal and its tendency to fire. 

Laboratory experiments on the oxidation of coal show that coal takes 
up oxygen as well or better when dry than wet, which is the reverse of what 
would be the case if the pyrites was being oxidized, and that the amount of 
oxygen taken up is often greater than could theoretically be taken up by 
the complete oxidation of all the pyrites present. 

Fires are frequently known to have originated in dry coal. 

The heat of oxidation of pyrites is only small, weight for weight coal 
will evolve about four or five times as much heat by its complete oxidation. 
A more conclusive statement would be that a given weight of oxygen 
evolved more heat by combining with the readily oxidizable constituents 
of coal than by combining with the pyrites. This is probably true, but 
the writer is unacquainted with any work which has been done that would 
prove it. 

Pyrites, by weathering, could hardly heat itself up to ignition point, 
much less the coal surrounding it; in fact, heaps of pyrites free from carbon- 
aceous material are never known to fire spontaneously. 


Prof. Lewes said that as pyrites can liberate sulphur, the ignition point 
of which is lower than that of coal, he at first thought that pyrites might 
cause danger by thus lowering the ignition point. He found, however, that 
sulphur oxidizes faster than it could be liberated, even at temperatures as 
low as 60° C., so that this danger cannot exist. 

In considering these arguments we must remember that there are 
different varieties of pyrites, that known as marcasite weathering much 
more rapidly than the ordinary variety. The fine flakes of pyrites, some- 
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times scattered throughout the coal, are probably marcasite and certainly 
weather faster than the larger lumps. 

A single match may ignite a pile of shavings, a single flake of marcasite 
might cause a warm spot that might result in a coal pile firing. This might 
explain the fact that the tendency for a coal pile to fire is not proportional 
to the percentage of sulphur or pyrites present. 

We are not at present looking for something to heat the coal to its 
ignition point, but only to give it a little initial heating. If sulphur is 
liberated from pyrites and oxidizes (both actions being accompanied by an 
evolution of heat) at low temperatures, it might easily act as a starter, 
although the sulphur did not remain as such to lower the ignition point. 

The crucial question seems to be, does the coal or the pyrites generate 
heat the faster by its normal oxidation at low temperatures? The evidence 
seems to be strongly in favour of the answer: the coal. This would thus 
rule pyrites out of account as the usual cause of fires. It is, of course, 
always conceivable that under certain circumstances this might be reversed 
and the pyrites blamed; but this probably seldom or never occurs. 

On one point all parties are agreed. When flakes of pyrites weather 
they expand and fracture the coal, and thus expose more and fresh surfaces 
for oxidation and indirectly increase the danger of heating. As a general 
rule, however, this breaking must be slight compared with that caused by 
handling, although it will certainly assist in the deterioration of the coal. 


(4) The Action of Water. This is an even more knotty point than the 
preceding one. On the one hand we have scientific evidence to prove that 
coal oxidizes.less when wet than when dry, and on the other an almost 
universal and deep-rooted opinion, amongst men of practical experience 
of the storage of coal, that wet coal is dangerous. 

_The scientific experiments of Richters and others must carry conviction 
as far as they go; at the same time it appears dangerous to assume, without 
the very fullest proof, that the opinions of the practical men are simply 
the relics of an old superstition, bolstered by forgetting facts that appear 
to contradict and only remembering confirmatory facts. 

A British Royal Commission on coal investigated this problem in 1876. 
The Commissioners said: ‘Most of the witnesses who have come before 
us have strongly condemned the shipment or carriage of coal in a wet 
condition, and their experience in this respect is, to a certain extent, sup- 
ported by the scientific evidence. . . . It would appear that the wetting 
of certain kinds of coal, more especially those containing pyrites, is active 
in promoting spontaneous combustion; but the statements of some of the 
witnesses lead to the impression that moisture has been credited with cases 
of combustion beyond the sphere of its operation; while from other passages 
of the evidence, it appears to us that the influence of the water, existing 
to a greater or less extent, in all coal before it has been brought to the 
surface, has not been sufficiently recognized.” 

The two scientific experts of the Commission, Dr. Percy and Professor 
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Abel, said, ‘‘Spontaneous ignition of coal, when due to the oxidation of the 
porous and readily oxidizable carbonaceous substances occurring in coal, 
does not appear to be favoured by the presence of water in the coal or by 
its access to a cargo; on the contrary, these portions by becoming wet, 
would have their pores more or less filled with water, and their power of 
absorbing oxygen would be proportionally diminished, hence the presence 
of water must be antagonistic to the action of the latter in many instances, 
though, when iron pyrites is present, it may promote or accelerate 
spontaneous heating, as already pointed out.” 

In spite of the quotations above, the report of the Royal Commission 
of 1876 seems to have been taken as condemning the shipment of all wet 
coal. The King’s Regulations and Admiralty Instructions, Article 523, 
paragraph 25, read: “Coal should not be taken on board wet, as moisture 
sometimes causes a rapid and dangerous generation of heat and gas. . . . 
Coal should always be kept as dry as possible.’’ This paragraph has, 
however, since been rescinded. 

The New South Wales Royal Commissioners stated in their Report 
of 1897 that: “It must still be regarded as an open question, however, 
whether the heating of Newcastle coal is in any way dependent on the 
amount of moisture which it contains. On the one hand, we have the very 
definite experimental result of Fayol that moisture has no influence what- 
ever on the liability to spontaneous combustion of the coals of Commentry, 
and, on the other, we see that the disintegrating action of oxidizing pyrites 
may have an indirect effect.’’ 

It may here be stated that the effect of water in disintegrating pyritic 
coal is always conceded, although many persons hold that except with 
highly pyritic coal it is not very important. 

The N.S.W. Commission after making the first report, carried out a 
further investigation to determine the effect of water upon stored coal. 
Two large wooden bins were built and both filled with slack coal under as 
nearly identical conditions as possible except that in filling the one the coal 
was kept dry and in the other was thoroughly wet during loading by water 
from a hose. The wet coal was found to be 10° C. cooler to start with, and, 
although it heated slightly at first, after 46 days the mean temperature in 
this bin showed a steady decline that continued until the 139th day, when 
the temperature readings were discontinued. The dry coal, on the con- 
trary, grew steadily, although at first slowly, hotter, and after 63 days the 
bin had to be flooded and the heated coal dug out in order to avoid a fire. 

The 1900 report says that to the question the Commission set out to 
solve, therefore, they return ‘a direct and unconditioned answer. Coal is 
less liable to spontaneous combustion when it is loaded wet than when it is 
loaded dry.”’ 

The report disposes of the findings of the 1876 Commission as fol- 
lows: “‘The British Commission received 26 answers to the effect that wet 
coal was the more dangerous. But an analysis of the evidence discloses 
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that 25 of these answers were based on ‘general impression’ or hearsay 
evidence only, while the 26th was not tested by cross examination. The 
opinions referred to were held, not by scientific men, but by those engaged 
in the coal trade... . All such views, it seems to us, must now be 
definitely abandoned.”’ 

A case in confirmation of these views is that of the sailing ship Strathdon 
which sailed with coal from Newcastle, N.S.W., on June 16, 1900, arriving 
at San Francisco on August 25. It rained very hard whilst some of the 
coal was above ground awaiting shipment, and the coal became so thorough- 
ly wet that water ran out of the trucks during loading; this wet coal was 
charged into holds 2 and 8, whereas holds 1 and 4 were filled with perfectly 
dry coal. The holds were 23-6 feet deep, temperature tubes 22 fect long 
were inserted into the body of the cargo through the hatchways and the 
temperatures were regularly taken and recorded in the log-book. The air 
temperatures were 62° F. at start, 92° at the equator, and 72° at discharge. 
In the dry holds the temperatures were 74° F. at start, rising to 94° and 
92°, and falling to 94° and 84° at discharge; in the wet coal the corresponding 
temperatures were 62° F., maximum 77° and falling to 74° and 75° at dis- 
charge. The maximum temperature difference was 22° F. and the average 
13-8° F., the wet coal being the cooler. 

On the other hand, V. B. Lewes cites the case of a ship carrying a 
cargo of coal, where the main hatch was filled in dry weather and the after 
hatch whilst it was raining. After a few days the temperature was about 
10° F. higher in wet coal than in the dry, spontaneous ignition being the 
ultimate result. 

Prof. Lewes’ opinion is that at first external wetting retards the absorp- 
tion of oxygen, but that the presence of moisture afterwards accelerates 
the action of the already absorbed oxygen upon the hydrocarbons; he 
draws a sharp distinction between wet coal and damp coal, it being the 
latter that he considers dangerous. 

Enough has now been said to show the complexity of the subject. 
Before proceeding further with its discussion it will be well to define what 
is meant by dry coal. Coal as taken from the mine, or that has been 
exposed to rain, contains water that it gives up when exposed to dry air; 
when it no-longer loses weight it is said to be “air dry.”’ If air dry coal is 
ground up and subjected in a thin layer to a temperature of 105° C. for 
one hour, it loses a further quantity of water and is now said to be “dry.” 
This definition of dry coal is quite empirical, it would be very rash to 
assume that the coal is free from water, it certainly contains the elements 
of water and can readily be made to give up actual water. Dry coal, in 
questions of handling and storage, usually means air dry coal. 

It is probable that water was first blamed for the spontaneous ignition 
of coal, on account of a false analogy with the heat produced by the fer- 
mentation of damp hay. Further, it is sometimes noticed that the top of 
a coal pile feels warm the day after a shower of rain. The obvious explana- 
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tion of this is not that the water causes the coal to heat, but is, as suggested 
by the New South Wales Commission, that the pile was already hot inside; 
the water trickling down came to the hot coal, was turned to steam, and 
rose to the surface where its warmth was felt. 

It is often pointed out that many chemical reactions that take place 
readily or even violently under ordinary conditions, will not take place at 
all if the reacting bodies are exceedingly dry. This is no argument, how- 
ever, in favour of the danger-of storing wet coal. The amount of water 
needed for such reactions is so very small that certainly all air dry coals, 
and probably all dry coals, contain far more than is necessary for any 
chemical action in which water is merely an accelerator and is not one of 
the reacting bodies, as in the weathering of pyrites. 

Richters has carried out experiments upon the rates of oxidation of 
damp and of air dry coal. He showed that not only does the air dry coal 
absorb oxygen faster than the damp coal, but by putting some calcium 
chloride into the vicinity of the former, so that it becomes still dryer, its 
rate of oxygen absorption is further increased. 

Coal immersed in water, being practically protected from the oxygen 
of the air, is subject to little or no deterioration. It was, therefore, natural 
to expect that wet coal would also be considerably protected from oxidation, 
but there was the possibility that damp coal might be worse than either 
wet or dry coal. Richters’ results, if generally true, clearly show that this 
is not the case, dry coal being most readily oxidized. Experiments are 
being carried out to test this point by the University of Illinois (see 
Bulletin 17) and the University of Missouri (see Bulletin 1). The results 
of their work, which is not yet completed, can so far hardly be said to 
confirm or disprove Richters’ conclusions. 

The writer’s own opinion is that water always retards the oxidation of 
coal, except in its effect on pyrites, but that indirectly it may have a marked 
influence for good or for bad on the condition of stored coal. Some of 
these ways in which the coal is influenced are well known, others are here 
put forward as tentative suggestions. 

(a) Fayol has stated that by building up a coal pile in thin layers, 
allowing sufficient time for the first rapid oxidation of each layer of coal to 
take place whilst the heat venerated can be easily dissipated into the air, 
before covering with another layer, a coal pile can be safely built to any 
height. Generally coal will be partially oxidized before storing and the 
danger thus be reduced; but if coal is taken wet from the mine, or 1s wet 
soon after mining, and is stored still wet, this preliminary oxidation is 
largely prevented. The coal afterwards drys out and the first most rapid 
and energetic oxidation takes place in the pile where the heat accumulates 
and danger results. 

(b) A warm coal thoroughly wet by rain or by deliberate spraying 
will be cooled by the water itself and also by its subsequent evaporation. 
The coal is thus, as in the New South Wales bin experiment, cooler than it 
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would have been dry and the initial temperature being lowered the danger 
is reduced. 

(c) It has already been stated that in coal cargoes fires almost 
always begin in the cone under the hatchway where the small broken coal 
accumulates and where there is consequently the largest proportion of 
surface exposed for oxidation. When dry coal is dumped there is the same 
tendency for the small coal to settle into a compact mass towards the 
bottom where, unless it is too compact to allow the air to circulate, there 
will be similarly the greatest danger of heating. When coal is wet the dust 
and small particles cling together and adhere to the larger lumps, so that 
a pile built of wet coal is likely to be more homogeneous from top to bottom. 
This difference in the mechanical distribution of the coal may easily make 
a great difference to its tendency to fire; it is possible that in some cases 
the danger is thereby increased and in other cases decreased. 

(d) After a pile has been built, if it is exposed to heavy rain the 
dust and fine coal are washed down and form a dense layer 1 or 2 feet 
below the surface. This also must have a great effect on the air circulation 
through the pile and consequently on its tendency to fire. If the circulation 
was previously too rapid for serious heating, the danger will be increased: 
if too slow, it will be made still slower and the danger of ignition will be 
decreased. 

If these views are correct, water is a preservative for all coal except 
the pyritic, but that wetting the coal before or after storing may do much 
good or may do much harm. It is probable that when our knowledge of 
the air circulation and rate of oxidation in coal piles is increased, water 
will be a good servant; at present it is a dangerous ally. 

(5.) Heat of Oxidation of Bituminous Shales.—Bituminous shales from 
the coal seams often fire as easily, possibly more easily, than the coal itself. 
It is said that in cases of trouble with Cape Breton coal in Montreal, a 
piece of shale is usually found in the centre of the heated portion; but this 
may be merely a coincidence. The problem yet to be solved is—does the 
pure coal or the shale oxidize and evolve heat the faster at ordinary 
temperatures. 

(6.) Haternal Heat.—The initial heating may be the result of boilers, 
steam pipes, or flues near to the coal, or of cotton waste, which if soaked in 
some oils oxidizes readily, and which if allowed thus to get into a coal pile 
might easily cause a hot spot. Again, where wood comes in contact with 
coal it is often noticed that the fires begin in close proximity to the wood. 
This may be due to heat evolved by the rotting of the wood or to some 
modification of the air currents caused by the wood. 

(7.) Heat of the Sun.—It has been shown above that the hotter the coal 
when stored the greater is the danger, coal being black absorbs the sun’s 
rays readily and may easily reach a temperature considerably above the 
shade temperature at the time. If coal when on a car before dumping, or 
on the surface of a pile, becomes heated by the sun, and if the warm portion 
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‘s then buried under more coal, a fire may easily result. This appears to 
be a case where a judicious spraying with water would prove a safeguard. 

The New South Wales Commission made some experiments and found 
that on seven successive days the maximum temperature Bt FOr sce 
below the surface of some coal exposed to the sun varied from 2o2O ote 
to 36-8° F. higher than the maximum shade temperature on the same 
days. 

It seems to be doubtful whether most coal piles are prevented from 
firing by an excess or a deficiency of air. Fires in ships begin under the 
hatchways where, it is true, the most air might be expected, but they begin 
in the cone of fine coal where the circulation can only be slight. The 
remedy would, therefore, seem to be to increase the ventilation; but, on the 
contrary, this is found in practice to be the worst thing to do. Fires in 
coal piles generally begin near the bottom away from the air, and yet 
again ventilation is said to be dangerous. Thorough ventilation would 
certainly prevent fires in either case. 

V. B. Lewes says that for ventilation to do any good, cool air would 
have to flow continuously and freely through every portion of the coal. 
Steam coal, he says, will absorb twice its own volume of oxygen in ten days 
under favourable conditions. A ton of such coal occupies 42 or 48 cubic 
feet, of which 12 cubic feet is air space, a ton will, therefore, absorb 60 cubic 
feet of oxygen in ten days, which represents 300 cubic feet of air or 25 times 
the volume of the air contained in it; that is to say, if these figures are 
correct, there would have to be a complete change of air every ten hours. 

It is difficult to understand how air can circulate through a large pile 
of slack coal, it looks to be almost impossible. The air does not appear to 
come in through the sides of the pile as fires occur indiscriminately near 
the sides or in the centre and their position is not apparently affected by 
the direction of the wind. One possible explanation is that inequalities of 
temperatures in the pile cause convection currents, air descending from the 
top in some places and ascending in others. Two or three somewhat casual 
inspections of a large pile ventilated with a large number of vertical holes 
passing from top to bottom, failed to anywhere discover a down draught, 
warm air appeared to rise from all the holes, and in winter when the pile 
was covered with snow melted passages through to the surface. 

Yaseous diffusion must always cause a circulation of air through a coal 
pile; but as oxygen, which is denser then nitrogen, is absorbed by the coal 
the residual air inside the pile becomes lighter than that outside and the 
normal rate of diffusion is thereby accelerated. Changes of barometric 
pressure will also effect a slight air circulation through a pile; when the 
pressure is low not only will the air in the interstices expand, but air dis- 
solved in water in the coal, and occluded gases, will also be given off, since 
the amount of gases dissolved or occluded is proportional to the pressure; 
when the pressure increases there will be a flow of air back into the coal to 
fill up interstices, to dissolve in the water and to be occluded. The amount 
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of such air currents up and down will be greatest at the surface and decrease 
steadily downwards; the circulation best suited to cause fires might, there- 
fore, be expected to occur at a depth proportional to the height of the pue; 
as a matter of fact, fires usually occur about two-thirds of the way down. 
We have so far assumed that the ground on which the pile rests is imper- 
vious, but if it is a light sandy soil the surging of the air up and down with 
barometric changes will take place not only through the pile but also 
through some of the soil below. The amount of air passing through the 
coal from this cause will be thus increased, and, together with the air cir- 
culated by other causes, may be too great to cause a fire even at the very 
bottom of the pile. This idea is in accordance with the fact that coal piles 
give more trouble on wet clayey soil than on dry sandy soil, but it has been 
suggested to the writer that the rising and falling of surface moisture in 
the soil are more likely than barometric changes to cause a cooling air 
circulation through the coal. Those who believe in the theory that- wet 
coal is dangerous say that coal fires on a clayey soil because it remains 
damp owing to the poor drainage. 

Whatever the explanation, it at any rate appears certain that it is well 
to store coal on well drained ground; a thick bed of cinders is often used as 
a foundation. 

It is just possible that some coals contain enough occluded oxygen 
when stored to allow a considerable amount of oxidation to take place 
without any access of fresh air. Parr and Hamilton ! find that samples of 
coal deteriorate in even the most carefully sealed containers. They ex- 
amined some coal that had been unopened in an air-tight jar for three years, 
a lot of the pyrites was found to be oxidized to ferric sulphate, this was 
leached out and determined, and it was found that the oxidation which 
had been accomplished corresponded to 1-99 grams, or 1-39 litres, of 
oxygen, equivalent to 7 litres of air. The coal was buckwheat size, filling 
a pint jar three-fourths full. This result is hard to understand when 
compared for example with Parr’s own figures showing the small amount 
of oxygen occluded in coal: but it is possible that the iron pyrites was 
oxidized at the expense of oxygen compounds in the coal. Details of the 
experiment are not given—if water containing dissolved air was used, or if 
the coal was occasionally allowed to come into contact with the air during 
the leaching process, it is possible that much of the recorded oxidation took 
place during the leaching process and not in the bottle. 

Fayol’s experiment described on page 105 does not, as might be sup- 
posed, prove that coal cannot heat with occluded oxygen alone. When he 
cut off the air supply the coal certainly cooled, but it was then over 100° C. 
and any occluded oxygen would have already combined with the coal below 
that temperature. Coal may heat with occluded oxygen, but as it gets hot 
fresh air must be supplied or it will cool again; such hot coal will, however, 
tend to draw in the fresh air required by means of convection currents. 


*“The Weathering of Coal,” Bulletin 17 of the University of Illinois Engineering Experiment Station. 
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If iron pyrites and the oxygen compounds of coal can react, it suggests 
that possibly also fresh coal and weathered coal may react and thus make 
a dangerous mixture. There is no clear evidence on this point, Fayol says 
that coal spread in successive layers of not more than 3 feet and with a 
lapse of time after each layer before putting down the next, forms a safe 
pile. Other writers say that coal once heated and cooled never heats 
again, and yet, the foreman of a coal yard in Montreal states that mixtures 
of old, heated and cooled, coal with fresh coal are very dangerous; and a 
case has been cited where in building a coal pile banking was stopped for 
a month and then continued, fires afterwards broke out all along the line 
of contact of the old and the new coal. These fires might be explained as 
being due to mixing, or possibly, the surface of the old coal was strongly 
heated by the sun when the new coal was put on the top. Coals from 
certain seams are said to keep cool when stored alone but to heat when 
stored together. 


Coal is banked near the mines in Cape Breton in piles of 20 or 
even 30 feet high without a sign of heating, the same coal stored in 
Montreal heats in less than three months in piles of only half the height. 
This is probably because the coal in Cape Breton is in comparatively large 
lumps, comes straight from the mine saturated with hydrocarbons, and is 
stored in winter and, therefore, cold; whereas the coal in Montreal is more 
broken up and almost like slack, is saturated with air rather than with 
hydrocarbons, and +s stored in summer and, therefore, often hot. 


Remedies for trouble with coal piles are easy to suggest, but are often 
difficult and expensive to carry out. Storage under water has been success- 
fully tried by the British Admiralty and others, and the former has also 
shown that coal briquettes can be stored without serious loss even in hot 
climates. Continuous storage under water could not easily be adopted in 
Canada, as in winter when the coal was wanted the water would be frozen; 
but it would probably be practicable to so store in a cement tank from 
which the water was drained in the autumn when it was reasonably cold. 

Very few coals will heat if stored in piles of less than 10 feet high and 
a thicker pile can be safely made if it is very thoroughly ventilated. Fayol’s 
suggestion of building up a pile in thin layers might be tried, or Threlfall’s 
recommendation of spraying. Where fine coal can be used, as for example 
where coal dust firing is employed, the coal can be screened as received, 
the screenings used for immediate consumption and only the lump coal 
stored: as has already been stated piles of lump coal rarely, if ever, catch 
fire. 


Plate I shows a general view of a ventilated coal pile of the Canadian 
Pacific Railway Co. near their Angus shops at Montreal; and Plate II is a 
nearer view of the same pile showing the openings of the ventilation holes, 
which holes pass from top to bottom of the pile. Plate ITI shows an 
unventilated coal pile on fire in Montreal. 
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Unventilated coal pile on fire in Montreal. 
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The question is largely one of dollars and cents. A cement tank in- 
volves a large capital outlay; but with proper handling machinery the coal 
need hardly cost as much each year for storing as it would in an ordinary 
stock pile. A ventilated pile requires no capital beyond the handling 
arrangements also required for the unventilated pile; but the annual 
outlay in providing vent holes is considerable. Coal stored under water 
suffers no appreciable deterioration chemically or physically. Stored in air 
but kept fairly cool it may lose 5 per cent in value—authorities differ 
very much on this point; coal which heats although it does not actually 
fire, may lose up to 20 or 25 per cent of its value, and an actual fire may 
involve great expense to extinguish it, in addition to the damage to the 
coal. In any particular case the outlays involved and the economies 
effected must be considered in deciding between the different methods of 
storing. It is, however, greatly to be deplored that the coal resources of 
the country should be needlessly wasted by spontaneous combustion. 

After this paper was written but before it was first printed in the 
Journal of the Canadian Mining Institute, an account of further work of 
the University of Hlinois Engineering Experiment Station was published— 
Bulletin No. 38, “The Weathering of Coal, Series of 1909,” by S. W. Parr 
and W. F. Wheeler. The conclusions from their experimental work are as 
follows :— 

“Coal of the type found in Illinois and neighbouring States is not 
affected seriously during storage when only the changes in weight and 
losses in heating power are considered. The changes in weight may be 
either gains or losses of probably never over two per cent in a period of one 
year. The heating value decreases most rapidly during the first week 
alter mining and continues to decrease more and more slowly for an in- 
definite time. In the coals that have been tested, one per cent is about 
the average loss for the first week and three to three and one-half per cent 
would cover the losses for a year, although in some instances the loss was 
found to be as high as five per cent in a year. 

‘ The losses due to disintegration of the coal and to spontaneous ignition 
seem to be of far greater importance than any changes in weight and heating 
value although they cannot be expressed in figures for comparison. The 
storage of coal of a size larger than is to be used would overcome part of 
this objection to storage, as the coal would be crushed to the most advan- 
tageous size Just before firing, the larger sizes of coal are also much less 
liable to take fire spontaneously. Storage under water will prevent dis- 
integration of the coal to a very large extent, and it will absolutely prevent 
any fire losses. Aside from these advantages in favour of storing coal under 
water, there seems to be very little to be said in favour of any particular 
methed of storing coal.’’ 

A coal pile should always be regularly tested until the probable period 
of incubation is past or until the temperature having first risen begins to 
steadily fall again. The simplest method of testing is by means of iron 
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rods run down through the pile at frequent intervals; these can be seen in 
Plate II. They should be pulled out once or twice a week, their tempera- 
ture being felt along their length, and then put back in a fresh place, If 
dangerous heat develops in a ventilated pile it is best treated by making 
extra ventilation holes; if this does not succeed, or in the case of an 
unventilated pile, it is well to dig away the hot coal and spread it out to cool. 
Digging out is also the best remedy in case of fire. It 1s well to begin by 
digging all round the heated spot to isolate it, as otherwise it may spread 
back into the rest of the pile as air gets to it. 

Water is not found to be successful in extinguishing fires. In the first 
place the coal above the fire cokes and thus armours the fire over and the 
water cannot readily penetrate through. Cases have been known where 
in digging out ships’ cargoes, hollow spaces were found near the bottom 
containing only ashes; a fire had begun, armoured itself over and burned 
out without its presence having been suspected. Secondly, water may 
cause the fire to spread, as the steam generated passing through the pile 
heats up fresh coal which also soon fires. Fayol showed that coal, even in 
small piles, soon fired if first heated to 100° C. 

The subject of spontaneous combustion is a very large one and this 
paper comes far short of covering even the work already done; but it will 
at anyrate serve to indicate the incompleteness of our present information. 

In conclusion, the writer wishes to thank Dr. Porter for his great 
assistance in obtaining references and papers, and for the photographs, and 
to thank him and others for their valuable information, criticisms, and 
suggestions. 
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PREFACE. 


In the autumn of 1906 the Canadian Government through its Depart- 
ment of Mines—then the “‘Geological Survey of Canada’’—undertook an 
extended study of the fuels of the Dominion; but inasmuch as the Govern- 
ment did not at that time possess suitable fuel testing laboratories, and 
a considerable amount of research work had already been done by the 
Mining Department of McGill University, the author was invited to under- 
take the larger investigation. 

The main results of the above mentioned work have been published 
by the Mines Branch of the Department of Mines, under the title of ‘The 
Coals of Canada, An Economic Investigation—6 vols., Ottawa, 1912-13.” 
This report presents, in great detail, a statement of the coal and lignite 
resources of the Dominion; a description of each of the important mines 
operating at the time; and the results of an extended series of experimental 
tests, on a semi-commercial scale, in coal washing, coking, steam-raising, 
and power gas producing. Each of these sections was prepared by a com- 
petent specialist, and contains a general discussion of its subject; a technical 
description of the tests made; a summary statement of the results of these 
tests; and an appendix giving full details of each experiment. The report, 
as a whole, then closes with a section devoted to the chemical methods 
employed, and their results. 

In the above mentioned report attention was drawn to the fact that 
many coals oxidize rapidly in storage, and are liable to serious deterioration, 
or even destruction. Circumstances did not permit of an extended study 
of oxidation as a part of the original investigation; but the matter is es- 
pecially important in Canada where climatic conditions necessitate the 
storage of large amounts of bituminous coal at central distribution points; 
and since the completion of the main report, the author and certain members 
of his staff have carried on a series of laboratory studies of the oxidation 
of coal at low temperatures. They have, moreover, made a study of 
the practical problem of coal storage, both at the mines and in Montreal, 
and also in other cities. These investigations have been by no means 
exhaustive, and no very novel conclusions have been drawn from them; 
but their results seem worthy of publication as a contribution to the liter- 
ature of an important and difficult subject. 

In addition to presenting reports on his own work, as above, the author 
has attempted in the present volume to bring together and summarize 
the more important writings of other investigators, and to present a some- 
what extended discussion of the whole subject of the weathering of coal. 
He recognizes to the full the difficulty of his task and the impossibility 
of dealing adequately with it; but he hopes that his work will be of value 
to future students and investigators. 
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The literature of the subject is voluminous, but scattered, and often 
fragmentary and conflicting, and some of the most important contributions 
are in French or German or are in rare books and periodicals. The present 
work, which has been written in the spare hours of a busy life, makes no 
pretension to being a complete review of this literature; but it is believed 
that nearly everything of importance has been included, and, in the case 
of inaccessible or very important articles, full abstracts, or even extended 
quotations have been made, without hesitation. 

In closing, the author wishes to acknowledge the valuable and most 
loyal aid of his several research assistants, whose names appear with his own 
on the title page. He also wishes to express his indebtedness to, and ad- 
miration for, the work of numerous investigators in the same field. It is 
impossible to name them all without repeating the bibliography; but 
especial reference must be made to the work of Dr. J. S. Haldane, F. R.S. of 
Oxford University, England; Professor W. S. Parr of the Engineering 
Experiment Station of the University of Illinois; and Dr. H. C. Porter of 
the United States Bureau of Mines, and to the research chemists working 
under their guidance. 


McGill University, 
December 18, 1914. 
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CHAPTER I. 
WEATHERING OF COAL. 


INTRODUCTORY. 


GENERAL DISCUSSION: 


Coal has been in use in Europe for nearly eight hundred years, and has 
actually been shipped by sea from Newcastle to London and to France 
ever since the time of Henry III (1257). For centuries it has been known 
that some coals are liable to heat spontaneously and even take fire under 
certain conditions both in mines and in storage, but until comparatively 
recent years these facts have only been of practical importance in con- 
nexion with the mines, where spontaneous fires have been counted among 
the troubles to be faced ever since collieries of considerable size have been 
operated. The second case, that is to say, heating in storage, did not of 
course become a matter of practical importance until the development of 
steamships, railways and steam driven manufactories just before the middle 
of the last century rendered it necessary to establish coaling stations at all 
important ports, and to carry considerable reserves of coal at all railway 
and industrial centres. The first public interest in the matter was in con- 
nexion with the sending out of coal in cargo lots by sailing ships to naval 
stations. Such cargoes often caught fire, particularly in the case of long 
voyages through the tropics, and in due course the number of colliers posted 
as “‘missing’’ attracted so much attention that a Royal Commission on 
Coal Cargoes was appointed in England in 1876. Since then similar com- 
missions have been created in other countries, and the subject has also 
been studied by a very large number of learned societies and private in- 
dividuals. 

In still more recent years another aspect of the difficulty has become 
important. The industrial use of coal and the public dependance upon it 
has increased and extended immensely, and with this has come the necessity 
of storing great quantities of fuel as a precaution against strikes of miners 
or transport workers, which might otherwise result in industrial paralysis 
and acute public distress. Every manufacturing establishment must 
now carry a considerable emergency supply of coal, and in the case of public 
service corporations such as railways, steamship lines, gas works, etc., 
the supplies now stored are often sufficient to last many months. 

In Canada the problem is particularly serious, for in addition to the 
conditions above stated there is another important economic reason for 
storing very large quantities of fuel. The coal fields are, generally speaking, 
in the extreme east and almost the extreme west of the country, and 
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the main industrial population lies between them at a great distance 
from either. Industrial Canada may be said roughly to extend from 
Quebec to Sault Ste. Marie with its chief centres at Montreal and Toronto. 
These cities are 1,000 and 1,350 miles respectively from Sydney, Nova 
Scotia, which is the chief source of coal in eastern Canada, while Toronto is 
but 400 miles approximately from the centres of the anthracite and eastern 
bituminous coal fields of the United States. 


From May until November, Nova Scotia coal can be sent to Montreal 
in large sea-going ships at rates of transportation averaging approximately 
one-third of those charged for rail shipments;and from Montreal, by a single 
transfer to smaller vessels, water transport becomes practicable not merely 
to Toronto, but as far west as Fort William.! Similarly, although to a less 
extent, American anthracite coal reaches Montreal by barge at rates which 
compare favourably with rail rates, and tend to control the latter during 
the season of navigation. 

For five months each year water transport is impossible and all fuel 
brought in has to pay the relatively high rates of winter traffic by rail. 
These rates from Sydney to Montreal for example are approximately two 
dollars per ton higher than rates by sea. The difference in favour of water 
traffic is sufficient to more than pay the cost both direct and indirect of ship- 
ping the great bulk of each year’s supply in advance by sea and storing it 
until needed. The total amount so stored is immense; Montreal for instance 
being estimated to have had one million tons of bituminous coal and a 
very large amount of anthracite in store at the end of the season of naviga- 
tion in November, 1913, while other cities and railway centres all similarly 
had great stores of fuel. 


Canadian coals unfortunately do not differ from other coals of the same 
class in their liability to weathering, and while few if any of our coals are 
as troublesome as certain notorious coals in other lands, yet several of 
the best known and most valuable steam coals in eastern Canada are liable 
‘to spontaneous combustion, and large sums of money are spent each year 
in Montreal and other cities in guarding coal storage piles against fires, 
and still larger sums in fighting the fires which do occur, and making good 
the damage which results from the fires themselves, and that resulting 
from heating which does not quite reach the ignition point. 

In view of the facts above set forth, it has seemed proper that a volume 
on the Weathering of Coal should be included in the general economic 
study of the Coals of Canada which was undertaken by the Department 
of Mines some few years ago, and entrusted, through the Director of Mines, 
to the senior author of the present work. 

As already stated, the subject of spontaneous combustion has engaged 
the attention of several Royal Commissions, and there have been a very 


1 Very little sea-borne coal is actually shipped to Toronto and still less to Fort William, etc., because under 
the present tariff Pennsylvania and Ohio coals can be sold in most parts of Ontario at more favourable prices 
than Nova Scotian fuel. These American coals are, however, themselves transported by water to a consider- 
able extent, and the fact that water transport is possible for several months in the year has a very potent in- 
fluence in keeping down rail freights to all competitive points. 
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large number of official and private investigations. During the last three 
or four years in particular an exceptionally large number of persons have 
been at work and scores of papers have been written; but the problem is 
one of extreme complexity and the great majority of the investigations 
which have thus far been carried out may be looked on as attempts to study 
specific aspects of the case rather than to deal with the matter as a whole. 


The most important of the early investigations of the behaviour of 
coal in storage were carried out by Fayol! at Commentry in France. His 
report which appeared in 1878 is full of valuable information, but its most 
salient feature is the conclusive proof that when a pile of Commentry coal 
under ordinary conditions has attained a certain termperature (about 
100°C.) autogenous? or self-propelled oxidation begins. The influences 
which tend to raise the temperature of coal to this point have engaged the 
attention of all investigators of spontaneous combustion since Fayol’s 
time. 

The senior author of the present volume has been interested for several 
years in the particular problem of the safe storage of Nova Scotian coal, 
and to this end has conducted a number of practical experiments both in 
Montreal and at the mines. Hehas, fortunately, also been able to assign 
the subject for four years in succession to one or another of his departmental 
research assistants, and thus to carry out a considerable amount of exact 
laboratory work on certain features of coal oxidation. All of this original 
work is, however, but a fraction of what will have to be done before the 
problem can be considered finally solved. 


This experimental work must, therefore, be looked on merely as a con- 
tribution to the general investigation that is being carried on throughout 
the world, and under ordinary circumstances the account of it should have 
been published as a paper in the transactions of some suitable technical 
society. So much public interest has, however, been aroused of late in 
spontaneous combustion that it has seemed desirable both to the Director 
of Mines and the author to attempt to present in a single volume a general 
statement of what is now known on the subject, and a considerable part of 
the present work is, therefore, a review of the most important papers that 
have been published on coal weathering. 


The author has tried to present this matter 1n logical sequence, and to 
state the views of the several writers as fairly as possible, although he has 
not refrained from comment or criticism where either seemed desirable. 
He recognizes, however, that his essay is by no means above criticism itself; 
the literature of the subject is very voluminous, and on the whole very un- 
satisfactory, and all that can be claimed for the present volume is that it is 


1 Etudes sur l’Altération, etc., de la houille exposée a4 l’air. Paris, 1879. 

This work has been reviewed and abstracted in English in the following publications: 
Report New South Wales Royal Commission on ships carrying coal, 1897. 
Review by Threlfall, Jour. Soc. Chem. Ind. Vol. 28, 1909, p. 763. 

2 This term autogenous oxidaton is frequently misunderstood. All natural oxidation is in a sense auto- 
genous, but for coal which has been stored, there is some particular temperature for each particular coal and 
each particular condition of piling, above which the rate of oxidation is so rapid that the heat of the mass is 
no longer kept down by natural radiation, etc., but rises more and more rapidly until actual ignition takes place. 
This matter will be considered at length in another part of this book. 
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a sincere attempt to summarize in a comparatively small number of pages, 
matter culled from some thousands of pages of reports, bulletins, transac- 
tions, etc., most of which are only to be found in the great public libraries. 

The book deals also with the individual experimental work of the 
author and his associates. This work was highly special and concerns 
only a few points in a very complex matter, but the results are offered 
for what they are worth. The author believes that they have definite 
value as settling one or two questions and casting light on some others 
on which opinions have been at variance. 


ORIGIN AND COMPOSITION OF COAL. 


The generally accepted theory of the formation of coal is as follows:— 

Vegetable matter of all kinds, but particularly the remains of ancient 
Equiseta such as Calamite, and Lycopods such as Lepidodendron and Sigil- 
laria with their huge root-like stigmaria, accumulated in thick layers and 
became massed together under conditions approximating those of swampy 
jungle of the present day. Eventually this vegetable matter was covered 
by the deposition of silt and mud, and this in turn by other stratified de- 
posits often of great aggregate thickness. Through the agencies of heat 
and pressure in the earth’s crust, the mass was next subjected to some 
sort of destructive distillation involving a gradual loss of water, oxygen and 
other constituents and resulting in the slow formation of coaly material, 
approximating more and more to pure carbon as time passed on. 
Anthracite is the last product which may be termed coal, further action of 
heat and pressure producing graphite. A coal which has arrived at the 
anthracite stage, will thus have passed through all the other stages during 
its formation: that is, first growing plants, then peat, lignite, bituminous 
coal and anthracite. 

A great deal of light has been cast on the origin of coal by the study of 
thin sections under the microscope. By this means the original vegetable 
forms have been identified and studied, and the coaly material has been 
shown to consist very largely of accumulations of spores altered of course 
by heat and pressure, but still perfectly distinguishable. 

Quite recently a very interesting contribution to this branch of the 
subject has been made by Lomax,! who has studied coals microscopically 
with especial reference to their liability to oxidation and spontaneous 
combustion. Still more recently a most valuable general work on the origin 
of coal has been published by the United States Bureau of Mines.” 

As might be expected from its formation, the chiefelements occurring 
in coal are also those which went to make up the plant body, although the 
proportions of course do not correspond, since the process of the formation 


1(A). The Microscopical Examination of coal and its use in determining the inflammable constituents 
present therein T. I. M. E. Vol. XLII, 1911, p. 2. 
(B). Further researches in the microscopical examination of coal especially in relation to spontaneous 
combustion, T.I.M. E. Vol. XLVI, 1914. p. 592. 
2 The Origin of Coal—by David White and Reinhardt Thiessen—with a chapter on the formation of peat 
by C. A. Davis—Bull. 38, U. S. Bur. of Mines, 1913, pp. 1-304 and 54 photographic plates. 
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of coal tends to the loss of oxygen and hydrogen more rapidly than the other 
constituents and therefore, to the relative increase in the proportion of 
carbon. The common elements in coal are: carbon, hydrogen, oxygen, 
nitrogen, sulphur, phosphorus, iron, calcium, magnesium, etc., the last four 
or five usually occurring in small proportions. 

These elements are not merely linked up to form a few specific com- 
pounds. Many of the complex compounds, which existed in the plants from 
which the coal was derived, would each form whole series of degradation 
products during the slow transformation into coal. In every specimen of 
coal we get many compounds representative of some of the exceedingly 
numerous possibilities in the above series. There is no prima facie reason 
why any two different samples of coal should be alike in composition; for 
not only may different plants have gone to form their substance, but also 
the metamorphosis may have followed different lines. It can thus be 
easily understood that although a great amount of work has been done on the 
subject, very little is yet known of many of the actual chemical compounds 
existing in coal. 

When coals are consumed, whether that destruction be in the form of 
slow decomposition such as weathering, or more rapid decomposition as 
spontaneous combustion, or actual burning in the furnace, the action is 
primarily the oxidation of the combustible matter of the coal, that is to 
say (a) the coaly matter itself and (b) the pyrite, marcasite and other 
sulphur compounds which the coal contains. Other heat-giving reactions 
may occur to a small extent in some cases, but in a practical sense the 
only combustible elements are carbon C, hydrogen H, and sulphur S. 
Of these elements the carbon greatly predominates in heating value although 
its heat is largely augmented by that from the hydrogen, orin other words, 
the coaly matter proper provides enormously the greater part of the total 
heat, but as will be shown later the pyrite and other sulphur compounds 
are supposed by some observers to be the first to oxidize, and therefore to 
play a most important part in the early stages of combustion. 


Harger! says in an address to the Liverpool section of the Society of 
Chemical Industry, that coals are conglomerates of four classes of bodies: 


Approx. Composition and Calorific Value. 


Carbon Hydrogen Oxygen Gary ai 


%o % Zo 
1. Carbon residuum 96 25 14 8,765 
2. Resins 79 10 a OF130 
3. Humus bodies 63 5 G2 6,480 
4. Hydrocarbons 75-85 25-15 0 12,000 


1 Society of Chemical Industry. Vol. XXXI, February 1912, pp. 413-416. 
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1. Carbon residues contain little volatile matter; occur largely in anth- 
racites and hard steam coals, and in bituminous coals to 
a lesser amount. 


2. Resin bodies contain very little hydroscopic moisture, melt and de- 
compose between 300°C and 400°C; and below 500°C 
they yield soft coke; heated above 500°C they decompose 
rapidly, yielding hydrogen, hydrocarbon gases and hard 
Coke: 


These resin bodies and their derivatives, the humus bodies, are believed 
by many authorities to play a major part in the spontaneous combustion 
of coal. This matter will, however, only be touched upon here as it is 
dealt with at some length in another section. 

There are two classes of these bodies (a) unsaponifiable by alkali, not 
oxidizable by warm air, and insoluble in pyridine; (b) soluble in pyridine, 
saponifiable by alkali, and oxidizable to humus bodies by warm air. These 
are the bodies upon which Parr worked, using phenol as a solvent. He 
says that they are oxygenated compounds which exist in coal and can be 
removed by phenol, and that they are unsaturated, and can take up oxygen. 
After distillation the distillates are equally active with respect to oxygen. 
They have definite melting points. The resin bodies are those whose pre- 
sence decides the coking power of a coal; if too great a quantity is present 
the coke as it forms will swell and burst itself, just as sugar does when 
heated: if excessively resinous coals are to be coked they should, therefore, 
be mixed with some inert carbonaceous substance such as coke breeze. 

The origin of these resin and humus bodies, and the part they play in 
spontaneous combustion is dealt with from the microscopical point of 
view by Lomax. 

Fayol classes coals which are liable to heat in the following natural 
order: Lignite, Bituminous, and Anthracite. It can be readily under- 
stood that bituminous coals containing large quantities of easily attacked 
resin bodies are the ones which generally heat most readily; peaty lignites, 
and some lignites themselves, also heat readily, but this fact is of theoretical 
interest only as they contain so much oxygen, water, etc., that they keep 
very badly, and having a very low calorific value there is little commercial 
reason for storing them. On the other hand coals approximating to 
anthracite resemble carbon more and more in their stability when exposed 
to air. 

Dennstedt and Biinz? ascribe increase of absorption of moisture by 
coal to the humic acids which are gradually formed as oxidation of the resin 
bodies proceeds. Theystate that the last productsof the reaction are mainly 
humic acids, and the quantity of these acids present is, therefore, an indi- 
cation of the heating tendency of a coal. 


1 Same reference as (‘A and B) on pag 
2 Zeitschrift fiir ang. Chemie. (1908). Vel. 35, pp. 1825-35. 
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The above mentioned resin bodies are presumably those to which Parr 
and Kressmann! refer when they speak of the avidity of freshly mined coals 
for oxygen, which gas enters into combination with the unsaturated hydro- 
carbons of the coal. 

Fischer? made use of the oxidizability of these resins as an indication 
of the liability of a coal to heat. He heated a weighed sample with a definite 
quantity of an oxidizing agent like bromine water. 

Stansfield* draws attention to the similarity between the production 
of acids by oxidation of aldehydes, and the production of acids (humic) by 
oxidation of coal. 


3. Humus bodies are similar in chemical composition to woody fibre, 
they retain a considerable amount of water which is 
only removed at 105°C; they have a lower percentage 
of carbon than shown in the table (p. 5) as Harger’s 
figures are calculated free of nitrogen, ash and water. 
Large quantities occur in peat and lignites, lesser 
quantities in cannels and bituminous coals, and none 
in true anthracite. 

Boudouard! worked on these bodies, and shows that the chemical 
constituents of the humic substances obtained by extraction from coal by 
means of potassium hydroxide solution, correspond with one or more of 
the following formula :— 


1. CisHis Og (Berthelot and Andre) 
De CisHiy, Oy (Malaguti) 
S: CisHi4 On 


and that the effect of oxidizing the coal is to diminish the percentage of 
carbon, and increase the hydrogen and oxygen content of the humic sub- 
stances. 

Treatment with potassium hydroxide, hydrochloric acid and Sch- 
weizer’s reagent completely destroyed the coking power of a coal, probably 
because the cellulose-like substances were removed. 

Boudouard also points out that the humic acids are probably the 
carbohydrates of the original coal in a condensed and polymerized con- 
dition, just as polyatomic alcohols, sugars, etc. furnish resins by treatment 
with alkalies, acids, or by heat. 

Chemically similar humic substances, artificially prepared, resemble 
those extracted from peat and lignite, which adds credence to the theory 
of the formation of coal aforementioned. 

4. Hydrocarbons chiefly methane, occur in large quantities in some 

coals, ethane and higher paraffins may also occur; but 
these constituents need not be further discussed here. 


1 University of Illinois Exp. Sta. Bull. 46 (19160). 
2 Die Brennstoffe Deutschlands, etc. Braunschweig, 1901, pp. 1-107. 
8 Jour. Can. Mining Inst. Vol. XIII, 1910, p. 196; and Coals of Canada, Vol. VI, 1912, pp.95-120. 
4 Bull. de la Societe Chimique, Ser. 4, Vol. V, 1909, pp. 365, 372, 377, 380. 
Compte Rend. 147, p. 986; 148 p. 284 and 348—1909. 
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HISTORICAL SURVEY OF PREVIOUS INVESTIGATIONS ON WEATHERING 
OF COAL. 


In the following six pages an attempt is made to summarize very 
briefly the statements of a number of the more important writers in 
chronological order. The literature of this subject is very voluminous, and 
only a fraction of the papers are mentioned. In subsequent pages several of 
the papers referred to and others not mentioned here will be extensively 
quoted or abstracted and their conclusions discussed. A much more com- 
plete bibliography will be found at page 184 et seq. 


The earliest authoritative discussion of the causes of weathering and 
particularly of spontaneous combustion seems to have been in a series of 
three reports to the British Parliament by De la Beche and Playfair, 
(1846-50) on ‘Steam Coals for the Royal Navy’. They discuss the 
probable causes of heating and give analyses and arguments leading to 
the conclusion that considerable quantities of fines or dust in the coals 
are more likely to give trouble than the mere presence of pyrite. 


Regnault! (1855), experimented with coals which he analysed, 
sealed up in corked flasks and set aside for twenty years; on re-analysis 
he could detect no alteration, probably because his chemical methods were 
not sufficiently delicate. Regnault, no doubt following Berzelius, however, 
states that pyritic coals are known to weather. 

Marsilly? in his “Etude des houilles consommeés sur la marche de 
Paris,’ notes that he believes that coals from gassy mines suffer change 
on exposure to air, but he does not venture to express an opinion regarding 
non-gassy coals. Marsilly also notes that coal dust exposed to air loses 
hydrocarbons, and also some of the substances which determine coking 
power. 

Grundmann? (1862) conducted extensive experiments on the weathering 
losses of coal, and found that large pieces weather less than small; he also 
found that increase of temperature accelerated the weathering. His ex- 
periments on the loss in weight of coal were chiefly of use in that they at- 
tracted attention to the subject, his high apparent losses being probably 
due to poor sampling. 

Percy! (1864) was apparently the next observer to ascribe spontaneous 
combustion of coal chiefly to oxidation of the carbonaceous matter of finely 
divided coal (dust) rather than to the pyrite as had commonly been assumed. 

Varrentrapp® (1865) kept coal at a constant temperature of 284° C, and 
claims that it was soon completely oxidized, the coal itself, however, must 
have risen to a much higher temperature. 


1(A). Annales des Mines, 3rd Series t. XII, 1837, pp. 161-240. 
(B). Rapport sur la fabrication des gaz—Annales des Mines, 5th Series t. VII1 1855, pp. 1-67. 
2 ee des houilles consommées sur la marche de Paris, Annales des Mines, 5me Series t. XII, 1857, pp. 
347-416 
3 Carnall’s Zeitschrift. Vol. X, 1862, p. 236. 
Kerperly Bericht, 1866, pp. 32, 33. 
Zeitschr ft fur Berg Hiitten. u. Salin, Vol. X, 1862, pp. 326-332. Vol. XIV, 1866, pp. 52-72. 
4 Chemcal News, Vol. X, 1864, p. 19. 
“Metallurgy”. Vol. Fuel I, 1875, pp. 289-298. 
5 Dinglers Poly. Journal, Vol. 175, 1865, pp. 156-158. 
Dinglers Poly. Journal. Vol. 178, 1865, pp. 379-384. 
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Fleck! (1865) analysed six coals which had weathered for some years, 
and noted a decrease in carbon and available hydrogen, accompanied by an 
increase in oxygen and non-disposable hydrogen. 

Thompson? (1865) noted that in six months a dry coal lost 13% of its 
calorific value, but that if the coal was moist, the loss was much greater. 

Reder?® (1866) followed up Grundmann’s work and using the same kind 
of coal found small increase of weight, but no practical changes. In a 
German coal he found a loss of calorific value of about 4%. 


Richters* (1868) concluded that oxygen was absorbed by coal, part 
being again given off as carbon dioxide and water while the rest remained 
in combination. He found that the absorption was at first rapid, but later 
became very slow; he thought that the only effect of moisture is to dis- 
integrate the coal when pyrite is present. 

Pechin® (1872) stated that bituminous and semi-bituminous coals 
weather most severely, the former losing 10 to 25 per cent of its carbon 
upon exposure to the atmosphere, but he gives no figures to prove his 
statement, which is undoubtedly incorrect or rather very greatly exag- 
gerated. 

Rothwell® (1873) says from his experiments that no losses were noted 
in the cases of anthracite and bituminous coals, except when using small 
sizes of the latter. 

The English Royal Commission’ (1876) ascribed spontaneous com- 
bustion to pyrites, condensation of oxygen on the surface of the coal, and to 
oxidation of the coal matter itself. 

Haton® (1878) says the cause of heating lies in the combustible itself, 
possibly aided by the presence of pyrites. He notes also that air must be 
present. 

Kimball’ (1879) discusses loss of coking power due to weathering, and 
thinks the weathering of marcasite and pyrite is of as much importance as 
the weathering of the coal itself. 

Fayol (1879) ascribes the main cause of heating to the coal itself. 

Admixture of extraneous pyrites with the coal did not appear to hasten 
the spontaneous heating. 

Adverse weather had no injurious effect upon the coal stored in piles, 
in so far as could be detected. 

Coal piled to a depth of less than two metres did not suffer spontaneous 
combustion. 


1 Die Steinkohlen Deutschlands, 1865, Vol. II, p. 221. 
Abstr. Percy—Fuels, 1875, pp. 290-2. 
2London Journal of Arts. June 1865, p. 321 (P. and K.) 
3 (A) Zeit. Verein deutsch. Ing. Vol. X, 1866, p. 698. 
(B) Oest. Zeitschrift fur Berg und Hutton., Vol. XV, 1867, 
4 Dinglers Poly. Jour. Vol. 190; 1868, p. 398. 
Dinglers Poly. Jour. Vol. 193; 1869, pp. 54 and 264. 
Dinglers Poly. Jour. Vol. 195; 1870, pp. 315 and 449. 
5 Trans. Am. Inst. Min. Eng. Vol. I, 1872, p. 285. 
6 Trans. Am. Inst. Min. Eng. Vol. II, 1873, pp. 144-152. 
7 English Royal Commission, ‘‘Spontaneous Combustion of Coal in Ships,’ 1876. : 
8 Rapport de la Commission d’études des moyens propre 4 prevenir les explosions de gison; 1878. 
9 Trans. Am. Inst. Min. Eng. Vol. VIII, 1879, pp. 204-225. 
loftudes sur l’altération et la combustion spontanée de la houille exposée a l’air; 1879. 
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Haedicke! (1881) thought that pyrites is the primary cause of heating 
in coal. 

Lewes? (1890) discussed the effects of the presence of inorganic matter 
in coal; he also discussed spontaneous heating in general, especially with 
regard to the occurrence of the same in ships. Lewes concluded that 
pyrites played a large part in spontaneous heating. 


Erdmann and Stolzenberg® (1907) think that humic acid.is the prime 
cause of heating, especially where ozone is present in the air as at sea. 
They record some very interesting experiments. 


New South Wales Commission‘ (1897-8). Inthe evidence heard before 
the Commission the question of depth of storage piles was shown to be one 
of great importance. This had, of course, been conclusively shown by 
Fayol previously. 

Haldane and Meachem® (1898) show from experiments that mine 
air is usually at a higher temperature than the seam and strata through 
which it circulates; they also sealed coal in flasks and obtained a reduction 
in pressure, the residual gas being nitrogen. Haldane and Meachem arrived 
at the following conclusions :— 


“1. The rate of absorption of oxygen is proportional to the partial 
pressure of the oxygen present. 


2. The rate of absorption of oxygen is doubled for every 30° C rise. 

3. The rate of absorption of oxygen decreases as time goes on. 

4, Absorption goes on at the coal surface and does not penetrate very 
deeply.” 

Hale and Williams® (1899) found that a bituminous coal lost from one- 
half to one per cent of its calorific value in eleven months. 


Fischer’ (1901) concluded that weathering of coal is due to oxidation, 
that actual wetting hastens the weathering of pyrite and marcasite, and 
that many coals contain organic sulphur compounds. Fischer proposes 
as a test that a gramme of any finely powdered coal be shaken with 20 c.c. 
of half normal bromine solution for five minutes, and if any smell of bromine 
remains, the coal may be safely stored. 

Macaulay® (1903) after conducting steaming tests with locomotives, 
concluded that English coal depreciates ten to twelve per cent per year in 
storage. 

Doane? (1904) concluded that the amount of moisture left on air drying 
is an indication of liability of coal to heat when stored. 


1 Dinglers Poly. Jour. Vol. 239; 1881, pp. 148-9. = 
2 Trans. Inst. of Naval Arch. Vol. XXXII, 1890, pp. 204-228. 
Jour. Soc. Arts. Vol. 40, 1892, pp. 352- 36 Gor 
3 Braunkohle Vol. VII, 1908, p. 69. 
4 New South Wales Royal Commission on mee carrying Coal; 1897-8. 
5 Trans. Soc. Min. Eng. Vol. 16; 1898, p. 457 
6 Trans. Am. Soc. of Mech. Eng. Vol. XX, 1899, pp. 333-341. 
’ Die Brennstoffe Deutschlands, etc., 1901, pe ledQi7e 
8 Practical Engineering. Vol. XXVIII, 1903. pp. 318-320. 
Engineer (London), Vol. 96, 1903 p. 415. 
9 Engineering News, Vol. 52, 1904, p. 141. 
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Durand! (1883) thought spontaneous heating was induced in coal piles 
by the pyrites present first taking fire. This as already explained is an old 
opinion which is no longer held by the majority of observers. It is, however, 
no doubt true of some coals. 

Heideprin’ (1907) stored coal under water, and states that during seven 
months it lost from 0-8% to 8-5% of calorific value. The losses for coal in 
the air are reported as being very little more than this. These results are 
contrary to the observations of all other experimenters, and it is probable 
that something went wrong either with his sampling or his calorimetric 
work. Possibly however, the coal tested was abnormal. 

A German gas engineer (1907) is quoted by Porter and Ovitz’ 
as having claimed that he found a loss of 1-7% of calorific value per week 
for fine coal. This statement could only be true of a very exceptional 
coal; but it typifies a very prevalent and exaggerated opinion as to the rate 
of loss. 

Fessenden.and Wharton‘ (1908) claim that the percentage of volatile 
matter is an indication of the liability of a coal to heat. This statement 
is only to be taken in a very broad sense. It could not be trusted as be- 
tween any two individual coals. 

Dennstedt and Bunz> (1908) passed oxygen through coals at elevated 
temperatures. They found that coals which have been thoroughly wet, 
kindle more rapidly than those that have been kept dry; also they state 
that “‘self ignition increases in a ratio corresponding to the amount of 
moisture in air-dry coal.’”’ They further point out that coals which contain 
the most oxygen are most liable to heating, and describe several chemical 
methods of predetermining the liability of coal to spontaneous combustion. 

Parr and Hamilton® and Parr and Francis® (1908) studied the weather- 
ing of coal and the changes which take place in coal when subjected to low 
temperature distillation. Their conclusions will be quoted later. 

Parr and Barker’ (1909) found that after mining, coal commenced to 
absorb oxygen at the same time evolving methane; and that after two 
months all the methane had passed away, but absorption of oxygen con- 
tinued. 

Boudouard® (1909) working from the chemical side of the question of 
loss of coking power, proved the formation of humic acids caused by oxi- 
dation of the coal matter and showed that the presence of these acids is 
very detrimental. 

Parr and Wheeler’ (1909) experimented on the weathering of bitu- 
minous coals from Illinois. Their report which covers a large amount of 
experimental work will be freely quoted in the body of the present work. 


1 Journ. Soc. of Chem. Industry, Vol. 2, 1883, p. 325. 

2 Power, Vol. 27, 1907, p. 437. 

3 Tech. Paper 16, U.S. Bureau of Mines, 1902, p. 4. 

4 Bull. Univ. of Missouri, Eng. Series, Vol. I, 1908. 

5 Zeitschrift fur Ang. Chemie, Vol. 35, 1908. pp. 1825-35. 

6 Bull. No. 17 and 24, Univ. Ill. Exp. Sta., 1908. 

7 Bull. 32 Univ. of Illinois Exp. Sta., 1909. 

8 Bull. de la Societe Chimique, Ser. 14, Vol. V, 1909, pp. 365, 372, 377, 380. 
Compte Rendu. 147, 1908, p. 986; 148, 1909, pp. 284 and 348. 

9 Bull. 38, Univ. Illinois Exp. Sta. 1909. 
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Porter, Ovitz! and others (1910) have been engaged for some years on 
the study of the constitution and decomposition of coal. Their results, 
which have in the main appeared in publications of the U.S. Bureau of 
Mines, are of very great value and numerous quotations and abstracts from 
their work will be found in the following pages. 

A distinction should be noted between H. C. Porter whose work is 
here referred to and J. B. Porter, the senior author of the present volume. 


Parr and Kressmann? (1910) experimented on bituminous coals from 
Illinois to determine their rate of heating under various conditions. Their 
report, on the Spontaneous Combustion of Coal, is a very valuable work, 
and its conclusions will be referred to repeatedly in the following pages. 
They also supplement the description of their own tests with an extended 
review of the literature of the subject. 

Habermann? experimented with coals at 50° C. in a fire-brick retort, 
and, supplying them with air at 26° C., ignition occurred in 36-39 hours. He 
found that the most easily oxidizable coals were those which were attacked 
by bromine with greatest avidity. 

Dennstedt and Schaper! (1912) experimented with coals in a current 
of oxygen at a temperature of 150° C. They concluded that coals which 
show no tendency to increase in temperature under these conditions are 
absolutely safe; that coals which may heat locally, but do not heat generally 
in one hour are safe enough for transport in ships, and for storage in piles; 
that those which ignite within one hour are unsafe; and that those which 
ignite when subjected to the same tests at temperatures below 150° C. are 
exceedingly dangerous. 

They also note that the greater the percentage of oxygen in the coal the 
greater will be the liability to give trouble. 

Lamplough and Hill’ (1913) after experimenting on several English 
coals, chiefly from the Barnsley seam, came to the conclusion that pyrite 
plays a larger part in spontaneous combustion than the majority of recent 
students have believed. Their paper and its discussion and criticism are of 
considerable interest and will be dealt with later. 

Winmill® (1914) describes the first of a series of experiments which are 
now being carried on for the Doncaster Coal-owners Association. He dis- 
cusses the relative rates of oxidation of various parts of the Barnsley seam, 
the effect of size of the coal dust particles on the rate of oxidation, the effect 


1(a) Losses in storage of coal (H. C. Porter) Journ. Ind. and Eng. Chem. Vol. II, 1910, pp. 77-83. 
(b) The volatile matter of coal (Porter and Ovitz) Bull. No. 1. U. S. Bureau of Mines, 1910. 
(c) The escape of gas from coal (Porter and Ovitz) Technical Paper No. 2, U.S. Bureau of Mines, 1911. 
(d) Deterioration and spontaneous heating of coal in storage. Tech. Paper No. 16, U.S. Bur. of Mines, 


The Spontaneous Combustion of Coal, 8th International Congress of Appl. Chem. Vol. X, 1912, pp. 


ve Sh The weathering of the Pittsburgh coal bed (Porter and Fieldner) Tech. Paper No. 35 U.S. Bur. of 
ines, 1914. 
(g) A study of the oxidation of coal (Porter and Ralston) Tech. Paper 65, U. S. Bur. of Mines, 1914 . 
2 Bull. 46 Univ. of Illinois Exp. Sta. 1910. 
3 Schillings Jour. fiir Gasbel. Vol. XLIX, 1906, pp. 419-422. 
4 Zeit f. Ang. Chemie Vol, 51., 1912. pp. 2625-2629. 
5 ‘‘The Slow Combustion of Coal Dust and its Thermal Value.”’ T. I. M. E. Vol. XLV, 1913, pp. 629-657 
6 ‘‘The Absorption of Oxygen by Coal.’”’ T. I. M. E. Vol. XLVI, 1913, pp. 559-591. 
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of temperature on the rate of oxidation and the effect on the rate of oxida- 
tion of variations in the oxygen content of the air current. 


Lomax! (1911 and 1914) whose work has already been referred 
to on page 4 studied coals under the microscope with reference to their com- 
position and liability to spontaneous heating.. He finds that coals which 
are particularly troublesome almost always contain dull-looking bands 
of amorphous material, and he believes that fires usually start in this 
material which is particularly pulverous. He suggests that these bands 
may be the result of forest fires at the time that the coaly matter was being 
laid down. He also discusses the effect of pyrite which he does not consider 
a primary cause of combustion in most cases. His papers are very inter- 
esting and suggestive. 

Morris? (1914) discusses the experience of Lydbrook Colliery in the 
Forest of Dean with reference to underground fires. The seam is partic- 
ularly liable to spontaneous combustion, and the method of mining had to 
be modified with a view to meeting this difficulty. Ordinarily the coal 
or gob took fire about seven weeks after its first exposure, but the length 
of time depended upon the degree of pressure and also of course upon the 
amount of very fine material. When the compression was very great so 
little air entered that little or no heating occurred, but if, even after some 
months of these conditions, the pressure was reduced or a new way opened 
up for the admission of air, heating immediately took place. He also notes 
that material which has once started to heat and has been checked is 
particularly liable to heat again. 


SUMMARY OF CONCLUSIONS. 


From the results as set forth by all investigators dealing with the subject 
of weathering, the main causes seem to be the following :— 


(1) The presence in the coal of complex and more or less unstable 
carbonaceous compounds such as resins, humus, etc., which oxidize readily. 


(2) The presence of pyrite and marcasite in the coal, these minerals 
being effective both as disintegrating agents and also as actual sources of 
heat. 

(3) The presence of moisture, which, whether or not it aids in the 
oxidation of the coal itself, certainly hastens the decomposition of pyrite 
which is always present to some extent. 

(4) The physical condition of the coal itself is of vast importance as 
oxidation is largely superficial, and fine coal, and particularly coal dust, pre- 
sents an immense surface to the air as compared with an equal quantity 
of lumps. 


1(a) “The Microscopical een of Coal and its use in determining the inflammable constituents 
present Chebeinn seal: FE. Vol. XLIT, 1911, p. 2. 
(b) ‘Further researches in ue ‘microscopical examination of coal, especially in relation to spontaneous 
COMpUStlOn es lane Vie ee VOlmecle Vale O14 apo 925 
2 “Notes on gob fires, etc.’””’ T.I. M. E. Vol. XLVII, 1914, p. 195. 
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(5) The presence of air as the source of oxygen is of course essential 
to oxidation, but a great excess of air, while facilitating oxidation of certain 
constituents, will also carry off the heat generated, and thus keep the coal 
cool and in this way prevent the coal from reaching the high temperature 
necessary for very rapid oxidation. It is thus possible to prevent oxidation 
altogether by absolutely excluding air, or to prevent undue heating by en- 
suring thorough ventilation. When, however, a limited, but sufficient, 
supply of air reaches the coal the destructive action is most rapid. In this 
connexion also, the physical condition of the coal is important, as dust, 
while it retards the passage of air, does not by any means prevent it. 


(6) The way in which the coal is stored is of great importance in con- 
nexion with the last named points. A low thin pile ordinarily receives 
enough air to keep it cool; a high pile by its own weight compresses its lower 
portion and reduces the voids. There is thus a level or zone in any very 
high pile in which the conditions for heating are at a maximum while the 
deeper parts of the pile may get too little air and the portions near the sur- 
face too much for dangerous heating. 


(7) The individuality of the coal is a factor of prime importance, for 
although certain types such as resinous lignite and bituminous coal are of 
course most easily oxidized, and other types such as anthracite and semi- 
bituminous are very slightly affected, yet chemical analyses and physical 
appearances alone do not always suffice to enable us to determine the rela- 
tive susceptibility to weathering, and of any two coals which are apparently 
alike in composition and condition, one may prove to weather very much 
more rapidly than the other. 


CHAPTER II. 


A GENERAL DISCUSSION OF WEATHERING. 


WEATHERING IN NATURE. 


Weathering in nature takes place at and near the outcrop. of coal 
seams, and in some cases this action has even resulted in spontaneous com- 
bustion, and considerable quantities of coal have been completely or parti- 
ally destroyed in place in the beds.! Ordinarily, however, the natural 
weathering of seams is too slow to cause fire, and all that happens is the 
disintegration of the coal, accompanied by the loss of part of its combustible 
matter, and a more than equivalent increase in ash. Outcrop coals are 
thus almost always of poor quality, but fortunately the damage rarely 
penetrates far into the seam, and coal as ordinarily mined shows little or 
no sign of oxidation in the destructive sense in which the term is used in this 
discussion. 


The artificial or commercial weathering of coal begins the moment the 
miner’s pick exposes its surface to the air of the mine, and this weather- 
ing continues with increasing, or decreasing intensity, depending on circum- 
stances as long as the coal is exposed to the air. Weathering may thus 
be considered as taking place (a) in or near outcrops or fissures in nature; 
(b) in the coal mines; (c) on the surface during preparation and in transit; 
(d) in storage while awaiting use. 


The first case is of little interest or importance except to the geologist 
and will not be discussed in this report, but the other cases are all deserving 
of separate consideration, although the general phenomena of weathering 
are alike in all. 


WEATHERING ACTION TAKING PLACE IN THE MINE. 


Changes undoubtedly commence to take place in coal immediately 
upon mining, owing to the alteration of conditions. Coal in situ is under 
pressure due to the superincumbent strata, and it is also absolutely removed 
from contact with the atmosphere, but as the mining operations approach 
the coal the gases, which it ordinarily contains under pressure, begin to 
escape. This evolution of gas becomes more rapid when the coal is actually 
broken down, and for a time probably almost protects it from oxidation, 
but both oxidation and desiccation no doubt commence almost immediately 
and increase as the escaping gases decrease, and cease to protect the coal 
from the action of the air. 


Agia Burning of Coal Beds in place, by A. Bowie, Am. Inst. Min. Eng. Bull. 86, pp. 195-204, February 
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Evolution of Gas. 


Parr and Wheeler have shown that a combustible gas is given off 
by coal immediately upon mining; they sealed coal up in air-tight Jars, 
and found that after ten months the vessels were filled with a combustible 
gas under pressure. 

Taffanel states that it is during the first ten days after mining that the 
greater part of the available methane is set free; he obtained a liberation 
of 1422 c.c. per grm. of coal. These figures do not include the methane 
evolved during the period elapsing immediately after breakage at the face. 

Porter and Ovitz believe that methane is formed by slow decomposition 
of the coal, and they quote the work of Chamberlin, in which he crushed 
coal under a high vacuum, obtaining only a quantity of gas equal to one- 
fourth the volume obtained by bottling for six months. During two weeks 
after mining they found that a certain coal lost three-fourths of its own 
volume of gas, and after five months it has lost an amount equal to one and 
three-fourth times its own volume. They seem to think that this is a 
great deal, and in a chemical sense it may be, but from the practical stand- 
point it is of little importance except in the case of coal carriage in ships. 
If we consider the huge volume of air which sweeps constantly through a 
mine and the amount of gas given off by the coal during development work 
and before it is mined. this gas from the mined coalisunimportant:although, 
of course, immediately bad ventilation comes in, we have an entirely dif- 
ferent situation. The loss in calorific value due to the escape of this 13 
volumes of methane if calculated out, is seen to be negligible as compared 
with other weathering losses. 

Taffanel draws attention in his paper to the evolution of methane from 
coal in the mine, he, however, attacks the subject chiefly from the point of 
dust explosions; he gives figures for the quantities of gas given off by 
the samples upon which he experimented. 

In this, as in every other action which we are to study in connexion 
with this subject, every coal has its own individuality, due in part to the 
particular condition of pressure, water, associated strata, etc., in the mine; 
and in part to the exceedingly complicated organic compounds, resins, 
albuminoids, etc., of which it is composed. 


Absorption of Oxygen and Oxidation. 


This subject will be taken up at length in subsequent pages, but we 
may perhaps here quote certain observers who have particularly studied 
underground conditions. Porter and Ovitz following various earlier 
writers, state that ‘‘the air in a poorly ventilated section or closed portion of 
a mine is deficient in oxygen, and contains much less carbon dioxide than 
it would if all the oxygen that must have been removed from the air by 
the coal were immediately split off in combination with carbon.” This 
absorption of oxygen is due in part to the coal left in the walls and pillars, 
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but in most cases the chief absorption is by the broken coal and carbo- 
naceous shale, and particularly by the coal and shale dust which is always 
produced in mining. 

Parr and Wheeler state that pillar coal in a particular district after 
25 years loses only 2-5% of its calorific value; this illustrates the imper- 
viousness of unbroken coal to the air. The main deterioration in pillar coal 
is found, however, to be due to its increased friability resulting chiefly from 
the heavy pressure to which it has been subjected. 

Interesting figures are given by Haldane and Meachem,! to show that 
80% of the heating which air undergoes while passing through a mine, 
can be accounted for only by the weathering of the pyrite and the coal itself. 
Their experiments which are described below were carried out at the 
Hamstead colliery, South Staffordshire, where the ‘Thick Seam” is 
worked at a depth of about 2000 feet below the surface, and their obser- 
vations and conclusions are so interesting that no apology need be offered 
for summarizing them at some length. 

They noticed that the general effect of opening up the mine was to 
warm both the coal and the strata adjacent to the workings. The average 
temperature on the surface at Hamstead is 49° F. At the bottom of the 
intake shaft the temperature is much more constant than at the surface 
and averages 60° F. The air is compressed as it descends the shaft and this 
compression would account for a gain in temperature of 10°. A little 
moisture is taken up by the air in the shaft, and this must tend to cool the 
walls so that some heat is transmitted to the air from the strata. 

From the pit bottom the air steadily increases in temperature at the 
rate of about 6° for every 3000 feet. In the workings the temperature is 
generally about 80° to 85°. In the return airway there is a relatively 
slow though steady fall of temperature from the face to the upeast shaft. 
The average temperature in the main north return airway is 77°. Analysis 
of the air shows that this fall in temperature is probably due to the leakage 
of air from the intake to the return airway. 

To determine the temperature of the undisturbed coal a maximum 
and minimum thermometer was inserted into the end of a 10-foot borehole 
in freshly cut coal. The hole was then closed with clay and left undisturbed 
for at least several days. Several such experiments showed the temperature 
of the coal to be 66°. Similar experiments were made in coal which 
had been long exposed. They showed that coal behind such an exposed 
surface gradually rises in temperature. Thus at two places in the side of a 
main road the temperature at the ends of 10-foot boreholes were taken in 
1894 and 1898. In 1894 the temperatures were 66° and in 1898 they were 
93° and 90°. 

It was impossible to correctly calculate the total heat generated in the 
mine since there must have been large radiation losses through the walls, 
roof and floor. The amount of heat, which escaped by the return airway, 


1 Trans. Inst. of Min. Eng. Vol. 16, 1898, p. 457. 
3 
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could, however, be calculated. Such a calculation shows that the total heat 
carried away per minute by the air-current was 48,000 B.Th.U., each cubic 
foot of air passed through the mine, therefore, carried off with it approxi- 
mately one B. Th. U. of heat. 


Summarizing Haldane and Meachem’s paper further there are several 
possible sources of heat in a mine. Of these the most obvious are the 
presence of men and horses and lights. The heat from these sources is, 
however, approximately determinable and in the case of the particular mine 
under very careful calculations showed that it could not have exceeded 
7% of the heat leaving the mine. Another possible source of heat is the 
friction due to the settling down of the roof and consequent grinding of the 
coal and other material by the pressure of the superincumbent strata. The 
depths of the Hamstead workings is 2,000 feet. Assuming the specific 
gravity of the strata to be 2, the authors arrived at a pressure of 250,000 
lbs. per square foot or about 0-8 tons per square inch. The average output 
of coal from the north side of the pit was about 15 cubic feet per minute and 
the average rate of settling down of the strata could not exceed this. The 
heat liberated could therefore not exceed the heat equivalent of 15 250,000 
ft. lbs. of work, i.e. 4,850 B. Th. U. Evenif this were all given up to the mine 
air it would only be about 10% of the total heat leaving the mine. The 
friction of the air current passing through the mine also produces heat,— 
the amount which could have thus been generated could, however, never 
exceed 1-7% of the total heat withdrawn from the mine. 


It is clear then, that the main portion of the heat generated in the mine 
was due to some cause other than any of those mentioned, and the obvious 
conclusion is that it is due to the chemical action of the air on the coal. 
Haldane and Meachem! made a large number of experiments on the subject 
and a copy of a sketch plan of the entries at Hamstead Colliery is reproduced 
(Fig. 1) to show the positions of the points where some of the air samples, 
referred to below, were taken. 

Table I shows the analyses of ten samples of air taken in the mine. 
The figures are calculated by deducting the actual oxygen percentage found 
from that given by the same gas burette for pure air, and then deducting 
from the result the deficiency due to dilution with firedamp. For carbonic 
acid the figures shown are obtained by deducting from the actual result the 
percentage of carbonic acid in the pure air, (0-030 per cent.) 


1 Ibid. 
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Analyses of Some Samples of Air Taken in the Mine 
(Haldane and Meachem) 


No. and Distance | Temper- | Deficiency | Carbonic Fire- 
position Name of road from ature of acid in damp 
on plan shafts oxygen excess 
Feet Degs. Fahr.| Per Cent | Per Cent | Per Cent 

ARS 5 oss Main North Intake 
Airway.. 150 55 0-00 0-000 0-00 

Agee 2d Main North Return 
Airway.. 150 74 0-37 0-100 0-06 

ere eee. North Intake Air- 
we WA Ving eee 55.000 71 0-16 0-090 0-05 

i eee North Return Air- 
way. “ye 5,850 78 0-36 0-100 0-06 
CA Nee Intake Airway. eee 7,920 fhe: 0-25 0095 4)5\) 5 ae 
ce oe Return Airway.....| 7,920 80 0-77 eet Ly it6 

| are 0-310 

Dea. Intake Airway...... 9,150 83 0-88 0-330 0-11 
Dey Return Airway....., 9,150 83 1-70 ete) C2 

Been Main South Intake 
Airway.. 150 es) 0-01 0: 0005) ies sean 

Pike te aie: Main South Return . 

Airway.. peri USO: ee ene 0-24 0-095 0-07 


This table shows that as the air passes through the mine it steadily 
loses oxygen and gains carbon dioxide. On the average, however, the oxygen 
loss is 3-13 times the gain in carbon dioxide. It is very noticeable that the 
temperature increases with the diminution of oxygen from the air, and 
Haldane and Meachem’s calculations above quoted show this increase to be 
greater than could be accounted for by friction. 


TPABEE SUT: 


Composition of air in mine. 
(Haldane and Meachem.) 


Temperature Deficiency of Temperature Deficiency of 
Degs. Fahr. oxygen Degs. Fahr. oxygen 

52 0-00 78 0-36 

71 0-16 80 0-77 

us 0-25 83 0-88 

74 0-37 83 170 


Two more series of tests similar to the above were made at different 
times. The results checked those given above very closely except that the 
percentage of carbon dioxide in the samples taken on January 5 showed 
a marked increase over that found in previous samples. Haldane and 
Meachem attribute this to the fact that the barometer was falling on that 
day, and that this fall caused a flow of gas from old workings. 
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The absorption of oxygen by anthracite and by bituminous coals in 
the mine, is clearly demonstrated in a paper by G. N. Burrell.! The 
figures in Table III are for the gases in an enclosed portion of an anthracite 
mine. This section of the mine was sealed off because of a fire which 
existed in an adjoining section. The fire did not, in his opinion, affect 
the particular area from which these samples were obtained, because of a 
heavy intervening roof fall, consequently the gases represent those trapped 
and given off normally in a stagnant section, except that one stopping was 
leaking and some air was entering from the ventilating current. The 
stopping was tightened and rapid absorption of the available oxygen by 
the coal ensued, as shown by the third analysis. Four days later the oxygen 
had dropped to 3 per cent, even though some air was still finding access to 
the enclosed area. 


TABLES 


Composition of gases from an enclosed area in an anthracite mine. 
(Burrell) 


= Percentages. 
Sample 
No. Date CO CO Or CHa Ne 
ec et Se Octes ste aise ee 0-0 15-0 14-0 68-8 
ee | NOV, 1st... &, 2°3 0-0 14-6 18-1 65-0 
oh Sane Nove Judas 2-6 0-0 6-2 24-2 67-0 
into ae eee Novae? nd kee 2-9 0-0 Si 29-3 O21 
3c ee INO\e OrGse eacsel 2°8 0-0 4-1 34-9 58-2 
eer Pee aiNOVEOlll ate y. 2-6 0-0 Shall) 53-0 41-4 


The composition of gas from an enclosed area in a bituminous coal mine - 
is shown by Burrell by means of the following analyses, but the conditions 
as set forth in the following quotations leave one in doubt as to the complete 
exclusion of the gases from the burning section. The large amount of CH, 
is, however, an indication that Burrell’s assumption is correct. 


DX Parive 
Composition of gases from an enclosed area of a bituminous coal mine. 
(Burrell) 
Percentages. 
Sample No. | CO, CO Oz CH, No 
OR ee A ee, 1-50 0-00 0-30 5+29 92-91 
Seen LNs fk 55 1-20 0-00 0-30 Se 93713 


“A mine fire had once existed in the area and these samples were col- 
lected by men with breathing helmets, nine months after the fire had 
originated and prior to the reopening of the mine. The mine is classed 
as non-gaseous.”’ 


~ 1Coal Age, Vol. III, 1913, pp. 104, 110, 143, 147, 194, 311. 
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This matter of underground weathering is ordinarily of but little im- 
portance, so far as the commercial value of the coal is concerned, it is 
however of immense importance in mining, as a certain amount of broken 
coal and coal dust is unavoidably left in the workings and abandoned there, 
and this material and the carbonaceous and pyritic shales often found just 
over the coal frequently give great trouble by heating and starting under- 
ground fires. In some seams spontaneous gob fires are of so common 
occurrence that special methods of mining have to be employed, and in 
still other cases the only safe way of operating is to laboriously remove all 
fine coal and all fallen shale.’ ? 

The subject of gob fires is exceptionally interesting, but it belongs 
properly to Coal Mining and its further consideration would be out of 
place in the present work. 


WEATHERING LOSSES IN TRANSIT. 


Parr and Wheeler sampled some coal at the mine and again a week 
or so later after transit in cars, and they found deterioration in the order 
of 100 B.Th.U. for the coals taken, whose value when mined was about 
14,600 B.Th.U. It is probable that part of the above loss of calorific power 
was due to the escape of hydro-carbon gases, but the observers are no 
doubt right in ignoring this as a factor of importance.’ 

The chief loss, in transit, however, must be due to breakage caused 
by handling, and, although with the modern equipment now in use by large 
companies, breakage is greatly reduced, these breakage losses are quite 
considerable. 

In the majority of cases of shipment by rail, the coal does not remain 
long enough in the cars to suffer any great change, except that of breakage 
just referred to, but when shipment is made by vessels, and the distances 
are great; the case is different. As has already been stated in the intro- 
duction, the subject of weathering was first brought before the public in 
connexion with the all too numerous cases of fires in sailing ships carrying 
cargoes of coal from England to distant ports.4 Such ships frequently 
spend months on a single voyage and much of that time is often in the tropics, 
and unless the coal is ananthracite, or very exceptional precautions are taken, 
spontaneous fires are almost certain to occur. It is not necessary, however, 
to deal at length in the present work with this very special subject of coal 
cargoes, as the causes of heating will be sufficiently considered in the 
general discussion of weathering, oxidation and storage, while the tech- 
nical problems of loading and discharging colliers, and of preventing and 
fighting fires on ship-board, have already been reported on at length by 
the several Royal Commissions appointed for the purpose. 


1Tamprecht. Recovery work after Pit fires. 1901—p. 32 and 48. 

2Morris. T. I. M. E. Vol. XLVII, 1914, p. 195. 

4 White, Bulletin 26, U.S. Bureau of Mines, 1911, pp. 69-70—thinks that lignites and many sub-bituminous 
coals lose say 200 calories in transit. His figures show losses ranging from { to 3f % of total calorific value. 

4 Probably the most detailed and interesting non-official paper on this subject is by Bunning— ‘‘The Pre- 
vention of Spontaneous Combustion of Coal at Sea’’—Trans. North of Eng. Inst. Min. & Mech. Eng’rs., Vol. | 
XXV, 1876, pp. 107-140. 
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WEATHERING LOSSES IN STORAGE. 


From the work of many experimenters we know that if fresh coal of 
almost any character be stored in a pile, the temperature of the mass 
will at first rise. Many kinds of coal never go further than this, in ordinary 
storage, but gradually cool off again and remain without further marked 
change for any length of time. 

A great variety of coals on the other hand continue to heat, and if 
nothing be done to ventilate them or otherwise artificially cool them, 
they ultimately catch fire, and the main purpose of the present report 
is to discuss the causes of this destructive action and the various methods 
which have been proposed for its prevention or cure. 

In our study of the subject of weathering in greater detail it will be 
unnecessary to attempt to distinguish any further between action taking 
place in the mine, in transit, or in storage. In fact it would be impossible 
to do so satisfactorily as in some cases the character of the coal seam and 
the method of mining make it possible to get out the coal very promptly, 
and to place it in the consumers’ storage pile while it is still giving off 
hydro-carbon gases, and has scarcely had time to begin to oxidize. In 
other cases much of the coal remains in underground pillars for a very long 
time and even the mined coal is handled slowly and suffers considerable 
change before it reaches the consumer. It is, therefore, best from the prac- 
tical point of view to consider the question of weathering as a whole in our 
further discussion of the subject. 


CHAPTER III. 


DISCUSSION OF THE CAUSES OF WEATHERING IN 
GENERAL. 


In the following d'scussion it will be assumed in a general way that 
the coal has been mined and prepared for the market under ordinary 
conditions. All weathering which may take place under these circumstances 
will be included, but as the chief part of theavoidableaction occurs in storage 
the discussion will, to a great extent, be on the storage of coal. 

It is impossible to draw any hard and fast line between mere weathering 
and serious heating even to the point of spontaneous combustion. Both 
of these phenomena are due to the absorption of oxygen, and as a matter 
of fact all oxidation whether resulting in little or great rise of temperature, 
may really be considered spontaneous combustion in an absolute sense. 


The most important conditions which influence the weathering of 
coal in transit and storage are named below, and in so far as is practicable 
the subject will be discussed under the separate headings in the order 
given, but the causes of weathering are so numerous and so interdependent 
that a really systematic and logical treatment of the subject is impossible, 
and the author craves the indulgence of readers in regard to his presenta- 
tion of this part of the subject. 


Classification of the Causes of Weathering. 


1. The kind of coal (without reference to its inorganic impurities), 

2. The time of previous exposure. 

3. -The presence of moisture. 

4. The presence of pyrite and the mechanical condition of the 
same. 

5. The size of the coal. 

6 The size, shape, etc., of the storage piles. 

7. The initial temperature of storage. 


PU BSKINDZOR COAL. 


It is generally believed that anthracite! is not liable to spontaneous 
combustion and this belief is correct in that anthracite will not ignite 
spontaneously under ordinary conditions. Fayol,2 however, states and 
probably with truth, ‘“‘que toutes les houilles sont susceptibles de s’echauffer 
lorsequ’elles sont exposée a l’air dans certaines conditions.’ The tendency 


1 The name anthracite is ordinarily used in eastern. Canada and the United States for the hard Pennsyl- 
vania anthracite only, but other and less stable coals are also entitled to the name. Technically-anthracite 
is a coal having a fuel ratio of over 12. 

2 Btudes sur l’Altération de la houille exposée a l’air. M. Fayol (1879). 
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of different coals to catch fire is, however, very different. Fayol exposed 
different kinds of coal to hot air and found that the order of inflammability 
in air was lignite, bituminous gas coal, bituminous coking coal, and an- 
thracite. This is the same order of inflammability as he found for coals in 
contact with a flame. He made further experiments using three kinds of 
coal each one in three different kinds of vessels, namely: a porcelain cru- 
cible containing 50 grammes of coal; a rectangular box 12 cms. by 12 cms. 
by 3 cms; and a cubical box of 12 cms. side. 

When exposed to air at 400° C. the samples of all the coals caught 
fire, the lignite easily, and the anthracite after thirty to forty minutes. 
At 200° the bituminous coals did not catch fire except the sample in the 
large vessel, and the anthracite only when powdered. At 150° only the 
powdered lignite caught fire in all three vessels. At 100° only the dust of 
the lignites and the impalpable powder of the bituminous coal caught fire. 
At 75° none of the coals ignited. (See pp. 53 and 108 for further details). 

Fayol’s experiment which has been fully confirmed in a general way 
by numerous observers, proves conclusively that liability to weathering 
is least in anthracites and greatest in lignites with bituminous coals in an 
intermediate position, and in a practical sense we may take it that hard 
anthracite is not appreciably affected by exposure. On the other hand 
the true lignites suffer so greatly not merely by spontaneous heating, but 
by dehydration and disintegration, that their storage on a large scale is 
unlikely to become an important problem for some time in Canada at © 
least. The real practical problem is, therefore, to be found in a study of 
bituminous and semi-bituminous coals, and the remainder of this paper 
will deal almost exclusively with coals of this character. 


Bituminous coal—ranging as it does from semi-lignite to semi-anthracite 
—falls itself within Fayol’s conclusions, and there is a very evident decrease 
in liability to serious weathering as we go up in the scale toward the anthra- 
cites, but we find very great individual variations in coals of substantially 
the same grade. These variations are due largely to differences in friability, 
but are also due in part to the presence or absence of small quantities of 
very easily oxidized substances such as the resins. The amount and char- 
acter of mineral impurities also play a part. 

It should be noted that the term ‘“‘anthracite’’ is used to describe a 
considerable range of coals and that some so-called ‘“‘anthracites” are suffici- 
ently close to bituminous coals to be liable to weathering and even to con- 
siderable heating if stored under particularly unfavourable conditions; 
for instance certain very valuable Welsh smokeless coals often spoken of 
as anthracites, have been found unsuitable for shipment in large quantities 
to or through the tropics; these cases, however, are somewhat aside from 
the scope of the present investigation. 

The purity of a coal, that is to say its relative freedom from inorganic 
matter, is no longer generally considered to be an indication of its compara- 
tive immunity from weathering, except that one particular impurity— 
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pyrite—is still believed by many to be one of the main causes of trouble. 
With the exception of pyrite, which will be specifically dealt with later, 
it is now believed by many observers! that the presence of considerable 
amounts of ordinary ash-forming impurities is likely to lessen the rate of 
weathering of the coal, although this must depend to a large extent on the 
character of the impurities themselves. The fact that the impure coals 
are often less liable to spontaneous combustion is no doubt due to the fact 
that the mineral matter often occurs in the form of thin plates in the cleavage 
planes, thus coating and protecting a considerable part of the surface of 
the coal proper when it is broken. It is also probable that pure are, 
generally speaking, softer than impure coals, and therefore more easily re- 
duced to dust. 

The differences in the rate of weathering of coals of substantially the 
same class are shown by Porter and Ovitz who experimented with coals 
in a current of 50% oxygenat 140° to160°C. The results of their experiments 
are shown in the appended figure (Fig. 2), and admirably illustrate the 
individuality of these coals. 


TIME, OF PREVIOUS EXPOSURE. 


In many cases coal is subjected to a more or less extended storage in 
piles at the mines and in coal-cars in transit, and is then stored in con- 
siderable quantities by the distributing agents or consumers. In sucha 
case there is usually less likelihood of heating in the final storage, as the only 
surfaces which will be attacked by oxygen with any marked energy are those 
new faces caused by breakage in handling. As an example of this we have 
the case of very large quantities of coal which are mined and stored in 
eastern Canada during the winter, then shipped during the summer season 
of navigation to Montreal for storage until the following winter. Such coal, 
although piled the second time in hot weather, is much less likely to heat 
than freshly mined coal stored under similar conditions. 

Parr and Wheeler? find the loss of a coal during the second year of 
storage to be only one-half that occurring during the first year. 

An experiment made by Porter and Ovitz? shows the effect of previous 
exposure upon absorption of oxygen. Fine coal was used and the exposure 
was but short, yet the results may be taken as an indication on a small 
scale of what happens more slowly in a large pile. (Curve C, Fig. 13). 


THEA EPFEGTICOF THESPRESENCE OF MOISTURE. 


From the Reports of the Royal Commissions on Coal Cargos in Eng- 
land (1876) and in New South Wales (1897) one might conclude that coal 
containing much moisture would be likely to heat badly; yet out of 26 persons 


1 Dennstedt and Biinz found that coals which were most free from mineral matter were on the whole 
more readily oxidized than impure coals and increased in temperature more rapidly when exposed to air. See 
Zeitschrift fur Ang. Chemie. Vol. XXXV, 1908, p. 1825. 
~  2Univ. of Illinois Eng, Exp. Sta. Bull. 38, 1909. 

3U. S. Bur. of Mines Tec. paper No. 16, 1912. 

Int. Cong. of Appl. Chem. Vol. 10, 1912, p. 251. 
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who in 1876, testified to the injurious effects of moisture, 25 admitted on 
cross-examination that they were simply repeating hearsay, and the other 
remaining witness was not available for cross-examination; further more, 
although the bulk of the testimony in 1897 wasapparently to the same effect, 
the conclusions of the Commission did not give it much weight. 


One would naturally expect that a coal containing moisture would be 
retarded in its heating because, until all the moisture has been evaporated, the 
temperature cannot give rise above 100°C. Yet, on the other hand, the 
steam percolating through the surrounding mass, and condensing in the 
cooler parts, will heat as well as moisten them, and may thus tend to hasten 
oxidation in those parts. 


_ Richters!', one of the ablest of the early students of coal weathering, 
who worked from 1867 to 1870, made some experiments to determine 
whether moisture aided or retarded the absorption of oxygen by coal. 
He took two tubes and placed air-dried coal in one and moist coal in the 
other, both coals being freshly mined. The air-dried coal absorbed oxygen 
more quickly than the moist coal. He also found that by placing small bulbs 
containing fused calcium chloride alongside the dry sample of coal, so that it 
became gradually drier, the rate of absorption was increased. The same 
phenomenon was observed when coal was used which had been dried for a 
day over sulphuric acid, although this coal must already have absorbed a 
considerable amount of oxygen while drying. It would seem that these 
experiments definitely prove that moisture hindered the absorption of 
oxygen by the coal in question, but this is not in accordance with the results 
of recent experiments by Porter and Cameron? and, furthermore, there is no 
doubt that moisture will increase the rate of oxidation of pyrite, and whether 
the net results will be an increase or decrease in the final temperature must 
depend on the amount.of pyrite present and on the amount of moisture. 


Fayol® made a number of experiments in order to determine the effect 
of moisture on Commentry coal. The coal was tested in three different 
conditions :— 


1. Freshly won fines. , 

2. The same coal previously dried in ovens at a temperature not 
exceeding 40°. 

3. The same coal not dried, but sprinkled to make it damp, but not 
wet. 


A sufficient number of piles of each material were made to last the 
winter. These piles contained from 2 to 12 cubic metres each and were 
built, some on the surface under open sheds, and the remainder in dry levels, 
underground. Temperature observations were made every day in each 
pile for several months, and the behaviour of the different piles of the same 


1 Dinglers Poly. Jour. Vol. 190, 1868, p. 398. 
Dinglers Poly. Jour. Vol. 193, 1869, pp. 54 and 264. 
Dinglers Poly. Jour. Vol. 195, 1870, pp. 315 and 449. 
2 See page 144 et seq. 
3 Btudes sur l’altération de la houille exposée 4 l’air. M. Fayol, 1879, p. 155. 
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level, both wet and dry, was almost identical. In no case did any one of 
the piles rise to a temperature above 50°. 

Parr and Kressmann! conducted some experiments with both dry and 
thoroughly wet coal, which they studied at elevated temperatures—40°, 
60°, 80°, and 115°C.—and their work at first sight appears to contradict 
that of Fayol described above. 

They say that without exception in all of their series of tests “wetting 
the coal increased the activity as shown by the ultimate temperature.” 
Their statement is of course correct as applied to their tests, but it must 
be remembered that their samples were ‘‘stored’’ for a total of 12 days at 
elevated temperatures, which were raised in stages by external heat from 
40°C. to 60°, and 80° and finally to 115°C. irrespective of any additional heat- 
ing due to their own oxidation. A study of their results would seem to 
show that the wet coals did not heat on their own account as much as the 
dry ones until this externally applied heat raised them above 80°C. a tem- 
perature which is fatal to many coals. They also note that the coals tested, 
while typical of their district, are of very unusual composition, being high 
in sulphur. and exceptionally, high in moisture?. The hand picked lump 
coal tested had 1-29% sulphur and 4:62% moisture, and the run-of-mine a 
great deal more of these constituents. 

Porter and Ovitz’ in a brief, but very valuable report to the United 
States Government, conclude that:— 

“Tn not one of the many cases of spontaneous combustion found by 
the authors, could it be proved that moisture had been a factor. Still 
the physical effects of moisture on fine coal, such as close packing together 
of dust or small pieces, may in many cases aid spontaneous heating.”’ 

Coxt quotes Doane as saying that moisture is an indication of the 
liability of coal to heat; he then points out that combined water is an indi- 
cation of the grade of a coal, and as upon the grade of coal depends liability 
to heat, so moisture in the sense of combined water ‘‘does increase the heat- 
ing.’ The use of the term moisture in this sense is, however, unusual 
and misleading and there is little evidence that moisture in the true sense 
has any effect in the majority of cases. 

In conclusion it may be said that in all probability the temperatures 
of ordinary coals under ordinary conditions of storage are not raised to 
any appreciable extent by moisture. The question naturally arises, what 
was the basis of the once prevalent belief that moisture was an important 
factor in spontaneous heating ? 

This belief is, no doubts chiefly due to the confusion of cause and effect 
on the part of persons who have discovered fires in coal storage. It is com- 
monly observed that fires or hot spots in the pile are discovered shortly 
after rain storms, and that nearly always a hot spot is surrounded by damp 
or wet coal even if the main part of the pile is dry. The first case is easily 


1 For fuller description of Parr and Kressmann’s work see pp. 37-40, 42, 109-110. 
2 In this connexion see Cox, just below and on p. 58. 
3 Tech. Paper, No. 16, U. S. Bureau of Mines, 1912. 
4 Internat. Cong. App. Chem. Vol. X, 1912, p.. 109. 
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explained by the fact that dry coal is so poor a conductor that the surface 
of a pile may show no indication of a hot spot or even an incipient fire in 
the interior. A rain storm would however provide moisture enough to 
soak into the pile, and this moisture on approaching the hot spot would be 
turned into steam which would work its way back to the surface and be 
observed, thus attracting attention to the hitherto unsuspected heating. 
The second explanation is equally simple. Air dry coal always contains 
some moisture, and in lignitic coals there is also a very considerable amount 
of combined water. In the case of a hot spot in the interior of a pile this 
moisture is driven off, either escaping at the surface as steam, or condensing 
on the cooler coalin the neighbourhood. Added to this there is of course 
an actua formation of water when the hydrogen constituents of coal are 
oxidized. 

As an illustration of the second case it may be noted that during the 
experiments of the author at Outremont and Glace Bay (see pp. 154-164) 
vapour or condensed moisture was always noticed in the observation tubes 
in the neighbourhood of hot spots even whenthe temperature was far below 
the boiling point. 


PRESENCE OF (RYRIUPES 


The presence of pyrite may affect the weathering of coal in two! 
ways :— 

(a) By disintegration of the coal due to the slow oxidation of pyrite. 

(b) By actual generation of enough heat when oxidized to warm 
up the coal surrounding it to a dangerous extent. 


Disintegration Due to Weathering of Pyrite. 


That pyrite causes disintegration of coal on weathering is well known, 
and the fine coal thus produced, undoubtedly increases the tendency of the 
mass to heat, but it is difficult to get any very definite measure of the effect, 
as other causes also result in disintegration. The action in brief is that 
pyrite in the presence of moisture and oxygen is more or less completely 
converted into oxide and sulphate of iron with the simultaneous production 
of appreciable quantities of sulphuric acid. This acid in time attacks the 
carbonates of lime and magnesia which are usually present in the cleavage 
and joint planes of the coal, converting them into sulphates.2 These 
chemical reactions all involve increase in bulk followed often by shrinkage 
due to the solution of the soluble sulphates produced. Thus the coal 
on the whole suffers a much greater degree of disintegration than might 
at first be expected from the small amount of pyrite oxidized, which in 
ordinary cases does not exceed from 10 to 25% of the total pyritic matter 
in the coal, i.e., a small fraction of 1% of the total. 


1 In addition to the two very important effects of pyrites noted above, it is quite possible that it may 
contribute to weathering in still other, although less important ways, such as catalytic action, etc. Denne- 
stedt and Biinz—Zeit fr. Ang. Chemie. Vol XXXV, 1908, p. 1825, discuss the possibility of catalytic action 
being a factor in weathering and ultimately dismiss it as likely to be of little or no eitect. 

2 This was probably first noted by J. P. Kimball. Trans. Am. Inst. Min. Engrs. Vol. VIII, 1879,p. 207. 
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The most valuable information available bearing on the extent of the 
disintegration of coal due to weathering is the result of some experiments 
by S. W. Parr and W. F. Wheeler. The coals tested are the same as those 
used for their main experiments, described at length on pp. 69-86. 

Tables V and VI, copied from Parr and Wheeler, show that the pro- 
portion of small sizes in the nut coal increased considerably due to the action 
of weathering, and that the average diameter decreased proportionately. 

The disintegration was no doubt largely due to the oxidation and 
swelling up of the pyrite as already stated, but it was also due partly to 
the action of frost, both of these causes acting in conjunction with the 
oxidation of the coal proper and the disintegration produced thereby. In 
the case of the Vermilion county nut coal the amount of coal that would 
pass through a half-inch hole was nearly doubled. The figures for the nut 
coal from Williamson and Sangamon counties show that there was seven 
times as much coal below half-inch diameter after one and one-half year’s 
storage as was originally present. The average diameter of the pieces of 
coal in all these lots was about three-fourths as great after storage as before, 
the average weight being only about 40% as great. 

The changes in the screenings were not so great as in the nut ccal, but 
they were probably of as much, or more importance in the matter of affecting 
the economic value of the coal and its liability to give trouble. 
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TABLE 
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Sizing Test Showing Disintegration of Nut Coal. 
(Parr and Wheeler) 


Vermilion County, Illinois. 


Round hole screen 


Original sizes 


Exposed bins 14 


Covered bins 14 


years years 
Through. Dver. Per cent rsaves a Bee ee Ere Hs 
Inches Inches per cent per cent per cent 

3) 1 66-2 42-5 44-2 

1 A 346 1159 8-0 50-5 7-6 51-8 

3 3 7-2 78-4 11-8 62-3 Ley 63-5 

4 3 4-0 82-4 6-9 69-2 6:7 70-2 Ze. 
eA Hl 4-0 86-4 6-8 | 76-0 71 one 
a L 5-0 OTe 10;o eso OTC meeay 7 
a 3 0 8-6 100-0 13a 100-0 12-3 100-0 
fl otaleessa: 100-0 eee 100-0 Bee 100-0 ae 
Average diameter:...... «0. 1-458 inches 1-074 inches 1-102 inches 

Williamson County, Illinois. 

3 1 hes Vuh 65 70-2 68-5 
= eae eee (ies ES Sr ae cgi wee 

3 : 18 | 97-4 | 6-6 82-5 7-1 Seer ee 

Pai ONG 0-7 |. 98-4 Suit  Receed tales 8574 

a ie tie hoe 98-6 3-2 88-8 3-6 89-0 
es 4 = 0-5 99-1 4-6 93-4 4-9 93-9 - 
fis t 0 0-9 100-0 6:6 100-0 6-1 100-0 
POLE Wades g ee cs 100-0 eo 100-0 Ok 100-0 Ben 
Mverave clameters <0 gs leh. 1-910 inches 1-532 inches 1-506 inches 

Sangamon County, Illinois. 

3 1 89-4 64-3 52-0 

1 B 4-1 93°5 6:9 Plog 9-3 61:3 7 

3 5 06) 97-0 8-4 79-6 10-8 F2=1 

4 4 i) 98-2 32 82-8 Say) 717-8 
Eee 1 0-6 G3 Sotee-d 20) 0 e868 Sie eee 

+ = 0-6 99-4 | 7-4 94-2 | 8-1 91-7 

4 0 0-6 100-0 | 5-8 100-0 | 8-3 100-0 
Total...... 100-0 Be Pisi0070 {00-0 nmis oe 
Avérage diameter:..:..+..',... 1-854 inches 1-442 inches 1-252 inches 
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TABLE VI. 


Sizing Test Showing Disintegration of Screenings. 
(Parr and Wheeler) 


Vermilion County, Illinots. 


Round hole screen 


Original sizes 


Exposed bins 14 yrs. 


Covered bins 13 yrs. 


Through. Over. Per Cumula- Per Cumula- Per Cumula- 
Inches Inches cent tive cent tive cent tive 
per cent per cent ‘ per eept 
13 1 19-0 11-3 Mirena 
1 a 8-9 27-9 6-3 17-6 6-3 17-9 
t ‘ 14-8 42-7 12-9 30-5 12-2 30-1 
3 S 8-5 Sieve 9-3 39-8 9-3 39-4 
2 } 11-1 62-3 11-8 51-6 11-8 50-2 
4 3 16-4 78-7 Abe 72-6 21-0 (Aco 
= 0 PANES, 100-0 27-4 100-0 27-8 100-0 
Toten Sat: 100-0 * 100-0 er 100-0 aa 
mverace, diaineter an wae ee 0-548 in 0-425 in. 0425.4 
Williamson County, Illinois. 
1-3 | 1 18-9 19-0 14-2 
aaa 9.0 27-9 Si meoe 705 oe 
3 | 2 14-4 42-3 15-4 43-6 13-0 34-2 
ie ee 8.5 50-8 9:5) |) asscia|. Oc0 ml ame 
a haat ri 10-4 61-2 10-6 63-7 11-4 54-6 
4 3 15-4 76:6 17-0 80-7 2022 74-8 
5 0 a. 23-4 100-0 19-3 100-0 25-2 100-0 
otal. leet nee ete e000 Donat 100-0 100-0 
Average diainelere weer. 4 eee 0-542 in. 0-557 in. 0-466 in. 
Sangamon County, Iilinots. 
1-3 i 38-8 15-1 15-6 
1 ys 7-9 46-7 9-3 24-4 9-1 24-7 
a Ee a ; 1352 59-9 15-6 40-0 15-6 40-3 
5 le 6-6 66-5 ee eae, 0.7 |isoan 
eee } 722 ia O.4 /) i570 aii Se aeemee 
ete 1 11-2 84-9 17-2 74-3 19-6 | 81-4 
3 0 Rye ak 100-0 25-7 100-0 18-9 100-0 
otal Secs ole hee Oe 100-0 ie 100-0 100-0 : 
Average diameters a. 2.e eee 0-768 in. 0-498 in. 0-518 in. 
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Heating due to Oxidation of Pyrite. 


The fact that pyrite evolves heat on oxidation is universally acknowl- 
edged, but the extent to which this affects a large storage pile is a matter 
upon which there is great difference of opinion. It has been stated by some 
authorities that the heat generated by the oxidation of pyrite is the primary 
cause of spontaneous combustion. Thus, although the first authoritative 
report! on the subject had concluded that the presence of pyrite in the 
coal was of secondary importance, and Blackwell? and others had supported 
this view, yet the English Royal Commission® (1875) appointed to inves- 
tigate the carriage of coal on board ships, gave the causes of spon- 
taneous combustion in order of importance as follows:— 


1. The oxidation of pyrite which the coal contains. 

2. The absorption of gas and notably of oxygen by the coal dust. 

3. The oxidation of carbon and of certain compounds which are present 
in the coal. 


M. Haton de la Goupilliere*, in a report of the French Firedamp 
Commission, states that oxidation of pyrite, or of certain organic sub- 
stances in coal is often the primary cause of spontaneous combustion. This 
and many other opinions expressed in that report seem, however, to be 
offered without very firm convictions. 

In Fayol’s® experiments which are referred to on pp. 25, 52, and 108, 
it was found that the amount of oxygen absorbed was not proportional 
to the amount of pyrite in the coal, hence some of the oxygen must have 
been absorbed by the coal. Fayol found in fact that the pyrite in the 
Commentry coal does not oxidize as quickly as the coal itself; in dry air the 
pyrite is not oxidized at all, and in moist air only slowly. 

Many observations of actual facts tend to show that the oxidation of 
pyrite is not the primary cause of spontaneous heating. Thus Dr. Percy® 
notes that no coal in Great Britain is so liable to spontaneous combustion 
as the ten yard or thick coal of South Staffordshire, which only contains 
a small amount of pyrites, usually equivalent to not more than 0-5 per cent 
of sulphur. Percy had-already expressed this opinion in his lectures at the 
Royal School of Mines, and in a paper in 1864 in Chemical News. 

Richters’ calculated the heat which could be evolved by a coal con- 
taining 1-01 per cent of pyrite. He showed, by reference to Dulong’s 
experiments on heats of combustion, that in this case, under the most 
favourable assumptions regarding pyritic combustion, the temperature 
of the coal could not possibly be raised more than 72°C. He assumed in 
this calculation that the heat of oxidation of pyrite is the same as would 


1 De la Beche and Playfair—‘‘Steam Coal for the Royal Navy,” London, 1846 (1848-51). 
2 Trans. North Eng. Inst. Min. & Mech. Eng., Vol. X, LSOl ep pw lLolsaseelO2e=ste 
§ Report of Eng. Royal Commission on ‘‘Spontaneous combustion of Coal in Ships,’’ 1876. 
4 Rapport de la Comm. d’étude des Moyens propre a prévenir les Explosions de Gison, 1878. 
5 Etude sur l’Altération de la houille exposeé a lair, 1879. 
§ Metallurgy, Percy, Vol. Fuel, 1875, pp. 289-298. 
Dinglers Poly. Journ. Vals. 190, 193, 195,—1868-9-70. 
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be produced by the combustion of the iron and of the sulphur separately. 
This, as he no doubt well knew, is a vastly excessive assumption. He 
further assumed that the combustion takes place instantaneously, and that 
all of the heat produced is used in raising the temperature of the coal. 
In actual fact, the oxidation of the pyrite requires a long period for its 
completion. On the other hand he assumed the pyrite to be uniformly 
distributed through the coal, whereas it occurs in lumps which might be 
conceived to become local centres of combustion. Richters thus arrived 
at the conclusion that the pyrites ordinarily present in coal could not be 
more than a secondary factor in its spontaneous combustion. 


Richters also experimented with a mixture of pyrites and quartz sand, 
which he submitted to the action of oxygen. His results do not strengthen 
the theory that pyrite is the cause of spontaneous heating, because it was 
found to absorb very little oxygen. For a description of his experiment 
see pp. 59-62, and 103-108. 


Kimball! points out the importance of distinguishing between 
pyrite and marcasite, owing to the greater ease with which the 
latter weathers; if much of the so-called pyrites in coal is really marcasite, 
then sulphides in coal may have a greater influence on heating. This 
observation although made many years ago has apparently been overlooked 
by most experimenters, who apply the term pyrite to both pyrite proper and 
marcasite without distinction. Almost the only recent reference to the 
matter is in a paper by Lamplough, see p. 42. 

Lewes? does not believe that pyrite, scattered through a mass 
of coal, and undergoing slow oxidation, can raise the temperature 
of the coal to the ignition point. He points out, however, that pyrite may 
increase the liability to ignition, when present in large quantities, by liber- 
ating sulphur. The ignition point of sulphur is 250° C, over 100° C below 
the ignition point of coal. 

Sulphur in coal is mainly present as either pyrite or marcasite. Some 
coals contain large nodules of pyrite, while others contain the pyrite very 
finely disseminated along planes of weakness in the coal; it may also be 
disseminated finely throughout the whole mass. 

_Experinienters appear to be universally agreed upon the fact that par- 
ticles of pyrite expand on weathering, thus breaking up the enclosing 
coal into smaller sizes, and exposing new surfaces to the air. The main 
point about which opinions seem to differ widely, is the importance of the 
heat set free due to the oxidation of pyrite. 

“Sulphur balls’? are known to find their way frequently into coal 
piles, but the surface of such a ball of pyrite would soon become oxidized, 
after which there would be very little reaction. To generate sufficient heat 
to materially affect the surrounding coal, one would imagine that finely dis- 
seminated particles, having large area in comparison with their size, would 


1 Trans. Am. Inst. Min. Engrs. Vol. VIII, 1879, pp. 204-225. 
2T. I. Naval Architects. Vol. 31, 1890, pp. 204-228. 
Abstract Journ. Soc. Chem. Ind. Vol. IX, 1890, pp. 483-5. 
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be necessary, and coals containing considerable quantities of fine pyritic 
matter do in fact often fire spontaneously underground. 


Haldane and Meachem! made an approximate calculation of the heat 
which might be generated underground in a colliery, assuming, for the sake 
of argument, that the total shortage of oxygen in the upcast air is all due to 
tLe oxidation of the pyrite. As no data were available for the heat of 
combustion of iron pyrite they followed Richters, and took the heats of 
combustion of the sulphur and iron separately, thus:— 


“2Fe+4S+150 =Fe,03+4S0;+ 761,700 Cals.” 


That is for every 15 X 16 lbs. of oxygen used enough heat is generated 
to raise the temperature of 761,700 lbs. of water 1° centigrade. Hence, 
5,700 B.Th.U. are formed per lb. of oxygen absorbed. In the north side 
of the mine 295 cubic feet of oxygen were consumed per minute and, therefore, 
since 1 cubic foot of oxygen at the pit bottom weighs 0-09 Ib., the total 
heat production per minute on the above assumption, would have been 
295 X 0:09 X 5,700 or about 150,000 B.Th.U. By calculation it was found 
that the air current from the north side carried away about 48,000 B. Th. U. 
per minute. The surplus, about 100,000 B.Th.U. per minute, went partly 
into the surrounding strata and partly into the coal. 


The above calculation gives the benefit of every doubt to the pyrites, 
but it shows that in a large mine a very considerable amount of heat may 
conceivably be generated by the oxidation of pyrites. It must be remem- 
bered, however, that this heat is distributed over an immense surface, 
and that by far the greater part of it is conducted away into the mass of 
virgin coal, and the rock strata above and below the seam. Asa matter of 
fact it is extremely improbable that all, or even the main part of the oxygen 
absorbed in a coal mine, goes into combination with pyrites. Most of it 
probably combines with the carbonaceous matter of the coal itself. This 
does not better matters so far as heating is concerned as carbon has a higher 
calorific power than sulphur and iron, but it relieves the pyrites of a large 
share of the responsibility. 


The effect of pyrite has recently been studied by Parr and Kressmann.’ 
They made numerous experiments on coal from Williamson county, 
Illinois. Lumps were selected, crushed and screened into three sizes:— 
0-; inch, §-t inch, 4-2 inch. A portion of the finest size was further 
pulverized ina ball mill until it went through an 80- mesh screen and 75% 
of it through 120- mesh screen; thus four groups were made, which in the 
following discussion will be called size 0, size 0-3, size 4-4, size 1-8, 

The sized samples were analysed and portions set aside for experiment 
as they stood. Other portions had pyrite added to them in known quan- 
tities, thus giving lots of each size which were identical in all respects 
but pyritic contents. 


Tol. M. EH. Volo 16, 1898, p. 457. 
? Univ. of Illinois. Eng. Expt. Station, Bull. No. 46, 1910. 
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The tests were conducted in four constant temperature ovens main- 
tained at 40°, 60°, 80°, and 115° centigrade, respectively. The coal was 
first placed in the 40° oven, and after a period of three days was moved to 
the 60° oven where it was left for three days and soon. Thus each sample 
remained three days in each oven. Each sample was contained in a five 
gallon stone jar, whose bottom was perforated with 4-inch holes. A jar 
of this size held thirty-five or forty pounds of coal. Air at the temperature 
of the oven was allowed to circulate freely around the jar. The temperature 
of the samples was observed periodically by means of thermometers fixed 
in the coal and projecting out through the cover of the oven, and the differ- 
ence between this observed temperature and that of the oven at the end 
of each three day period was tabulated and plotted. 

The composition of the coal used in the experiments is indicated by 
proximate analyses as follows:— 


TABLE VII. 


Composition of Williamson Co., Illinois, Coal used by Parr & Kressman. 


(Parr and Kressman) 


Size 0 and 0-% Size 4—-+ 
Moisture, “8-2... Sh eee eee 4-16% 4-62% 
Volatilesmatter 2 ena eee 33-48 ,, Sets = 
Fixed icarbott:..« 2°. cee ea eee 50-86 | SUL Ocaas 
Ash b Aa TS ee) a ae co Gb hea Hioe Onc-ahaene Gage och 8 ac 11750) ” TG REN'S: ” 
Total ae ayu te fe ee ee eee 100-00 ,, 100-00 ,, 
(Sulphur) sseese eee eee LeZGr 1-29 , 
Calculated to Dry Coal. 
Volatilecmatters 0 ee ee ee ae 34-92% 34-78% 
RixredecarbOn cic cree ee eee 53-08 ,, SSE Ome 
Ash So aA Oe rie eT Pier, Or os cow etn Ur hce fh cet! aie, th OS 12-00 ” 11-64 ” 
TROL a Lee tee sh oc Cees cles kL Ree Tae oe 100-00 ,, 100-00 ; 
(Sulphur) Ad oF. TAP OUD MEL a era Diy 132 9 f 35 ” 


The pyritic iron was determined by calculation from the difference 
between the total iron in the coal and the iron soluble in dilute hydrochloric 
acid. The results for the above two samples are as follows :— 


TABLE SVIT. 


Composition of Williamson Co., Illinois, Coal used by Parr & Kressman 


(Parr and Kressman) 


Size 0-4 SiZeeaas 
Totaltiron 2! : oit.0 2 tects ee ee ee eee 1-:91% 1-73% 
Soltiblediron Join ee tea eee ce ee es O73, 0-67 , 
Pycitichiron 28 cake eee el Se, 1-06 , 
Calculated pyrite content-s).o. 0 ae: Lil Ona: 1-60 , 
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Inasmuch as more of the larger size was used than of the fine, the average 
pyrite content of the coal was taken as 1-65 per cent. 

The pyritic content of the samples was increased as follows. Large 
lumps of pyrite were taken just as they occurred in the coal measures of 
Vermilion county. These lumps were ground to pass through a 20-mesh 
sieve. The purity was determined to be 87-62 per cent by calculation from 
the sulphur content which was 46-73 per cent. 

The experiments were made as follows: four jars were filled with the 
coal using one of the four different sizes in each jar. These were placed 
one in each oven in the same increasing ratio of size of coal to temperature 
of oven. Thus size 0 and size 0-3 were put in the 40° oven, size #-{ in the 
60° oven, size 4-2 in the 80° oven, and size 3-2 in the 115° oven. Each 
jar was left in the oven for three days and then moved to the next hotter 
oven. This method of procedure saved a considerable amount of time and 
was carried out after it was found that the larger sizes were not appre- 
ciably oxidized at the lower temperatures. 

Parr and Kressman give an elaborate series of tables and curves show- 
ing the results of their numerous tests, and from these they draw conclusions 
from which we may summarize the following :— 

a. Oxidation is greatly accelerated and in certain phases is directly 
dependent upon an increase of temperature. 

b. Coalina fine state of division heats much more rapidly than coarser 
sizes of the same material, and this oxidation is in the beginning largely 
due to the absorption of oxygen by ‘“‘unsaturated compounds, the products 
being humic acids or other fixed constituents of the coal texture.” This 
oxidation “does not result in the formation of carbonic acid.” 

c. The presence of pyrite in the coal is a “positive source of heat” 
due to oxidation of the sulphur; ‘‘this may be considered the second stage 
in the process of oxidation.” But in coals of the Illinois type “with their 
high per cent of sulphur”’ the pyritic oxidation is of greater importance than 
the oxidation of the coal matter proper, particularly as these coals carry 
much duff or dust, which is largely pyritic. 

d. Moisture is essential to pyritic oxidation, and under the circum- 
stances of their tests it was found that in all cases “wetting the coal increased 
the activity as shown by the ultimate temperature.’’”! 

e. The oxidation of carbon and hydrogen takes place at temperatures 
in excess of 120°, and may be considered a third stage. 


The above very condensed statement of Parr and Kressman’s work 
does not by any means cover the whole of the ground of which they treat, 
and the author has therefore prepared the following six curves from their 
data with a view to presenting in a summary form the results of their ex- 
periments on the effect of pyrite. 

As fine coal proved much more susceptible to oxidation these redrawn 
curves only include the three smallest sizes. 


1 This conclusion will receive consideration in its proper connexion. 
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- Parr and Kressman’s work is undoubtedly of great value, but, as has 
already been noted, and as they point out in their paper, the Illinois coal 
on which they worked is very different from ordinary bituminous coal in 
that it is exceptionally high in sulphur and contains from two to four times 
as much combined water. Their conclusions therefore should not be too 
freely applied to ordinary coal. 

Fig. 3, A, B, and C show the effect of pyrite on the three sizes of coal. 
In Fig. 3 A the final temperature of the coal with 3% pyrite is given, but, 
as a matter of fact, this very fine coal had heated to a maximum of 75° in 30 
hours and then cooled again to 46° before the end of the 3 day period. If 
the mean of its maximum and final temperatures be taken there is a gradual 
increase in the heat developed as the pyrite content of the coal increases. 
Fig. 3 B shows an increase in temperature rise as the percentage of pyrite 
in the coal increases. Fig. 3 C shows the same results, but less definitely. 
Figures 3 D and 4 A and 4 B show the results of a similar series of tests 
with wet coal. Fig. 3 D shows that for very fine coal the pyrite has a marked ~ 
effect. Coal with 1-6 per cent of pyrite did not catch fire, whereas the 
coals with 3% and 5% of pyrite, respectively, ignited in the 115° oven. 
Neither Fig. 4 A nor 4 B shows any very different increase in rise of tem- 
perature due to the pyritic content of the coal. It is possible, however, that 
this may be due to the difficulty of keeping each sample thoroughly wet 
with the same amount of moisture and to the fact that any heat generated, 
while the coal is still damp, is used up in drying the coal instead of in 
raising its temperature. Figures 4 C and 4 D show tests with unscreened 
coal, Fig. 4 C with dry coal, and Fig. 4 D with wet coal. These curves 
show very definitely that an increase of the pyrite content from 1-4% to 
3% produces a marked increase in rise of temperature. A further increase 
of the pyrite to 5%, however, does not seem to produce much effect. 

Porter and Ovitz! separated a coal containing 3-34% sulphur into 
a lighter portion containing 2-64% sulphur, and a heavier portion containing 


5-33%. ‘The heavier portion showed no greater tendency to develop 
heat in the oxidation test.’’ It must be noted, however, that this test was 


made upon dried coal and that the oxidation of sulphides of iron at the 
temperature used probably does not take place at all except in the presence 
of moisture. Their figure, illustrating this experiment, is appended as Fig. 5. 

Lamplough and Hill? experimenting quite recently with a number of 
English (Barnsley) coals find that in the case of certain “‘soft”’ Le. powdery 
Barnsley coals which contain much finely divided ‘‘pyrites’”’, the oxidation 
of this material ‘‘might possibly be the predominant factor in the spon- 
taneous combustion of such coal dust’’. Their experiments and conclusions 
are summarized in some detail on pp. 111-114, and are very interesting, but 
so far as pyrite is concerned they are not very conclusive. They particularly 
call attention to the fact that they used the word ‘“‘pyrites’”’ to designate 
sulphide of iron, FeSs, without prejudice as to its nature, but that an exami- 


1 International Congress of Applied Chemistry, 1912. Vol. X, pp. 251-267. 
2 Trans. Inst. Min. Engrs. Vol. XLV, 1913, pp. 629-657. 
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Fic. 3. Effect of pyrite on rate of oxidation. 
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Fic. 4, Effect of pyrite on rate of oxidation. 
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nation of the material showed that “‘some of it was pyrite’. This statement 
implies that a large part of the “‘pyrites” in the coals they tested was really 
marcasite. 

Porter and Ovitz' state that it was found that a particular coal con- 
taining 4-5% of pyrite gave a great deal of trouble; yet on analysis only 
10% of the available sulphur had been affected. They made a laboratory 
test on a coal, taking it almost to a point of ignition, and on cooling and sub- 
mitting a sample to analysis, the sulphur content was found to be almost 
unchanged: they point out, however, that the pyrites might possibly occur 
as pockets of fine particles, in which case, if neither too much nor too 
little moisture were present the temperature would rise to a considerable 
extent. 

In connexion with this last observation of Porter and Ovitz the author 
has noticed the fact that coal piles are sometimes found to suffer from local 
heating in the immediate neighbourhood of lumps of pyrite or pyritic shale. 
This is not really a conclusive argument proving that the pyrites started 
the trouble, and it is very probable that the first heating was due chiefly to 
the organic matter of the coal, but we can see how the oxidation of the coal 
once having begun, would proceed with especial rapidity in the immediate 
vicinity of a mass of pyritic shale, a substance which every miner knows 
to be particularly prone to disintegrate. 

Porter and Ovitz? quote Somermeier, Journal American Chem. Soc. 
1904, p. 764 to the effect that 


‘Several samples of high sulphur coals, after standing oneand a half years at ordinary 
temperature in the moist condition as received from the mines, showed a maximum of 
only 0-47% oxidized sulphur when kept in closed bottles, and 0-37% when kept in an 
open sack.” 


The exact amount of total sulphur in the samples is not stated, but it 
is estimated that one-tenth of it only was oxidized. They furtherstate thata 


‘number of samples of weathered coal collected by them from out-door coal piles 
after six months to one year’s storage, and in some cases after spontaneous heating had 
occurred in the coal, showed on analysis not over one-tenth of the total sulphur to be in 
the oxidized condition.” | 


Parr and Kressmann,’ whose experiments have been previously re- 
ferred to on pages 37-40, calculated the heat rise which might be produced 
by the amount of pyrites which they found, at the close of an experiment, 
to have oxidized. The result showed a possible rise of about 74° C for dry 
bituminous coal. This looks imposing, but when account is taken of the 
fact that their coal was wet at the beginning of the experiment, it becomes 
clear that a much greater amount of heat must have been used up in the 
evaporation of moisture than would be necessary to raise dry coal to that 
temperature. The figure thus becomes more or less insignificant beside 


1U. S. Bur. o {Mines Tec. paper No. 16, 1912. 
28th International Cong. Appl. Chem. Vol. X, pp. 251-267. 
3 Univ. Ill. Exp. Sta. Bull. 46, 1910. 
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the one which should be quoted for heat generated by oxidation of the coal 
substance itself. 

Parr and Kressmann also experimented by adding pyrite to coal in 
varying quantities and then subjecting it to oxidation. They report that 
no matter how much pyrites was added to the coal the ratio of oxidized pyrites 
to total pyrites present remained constant. This would seem to be analagous 
to the matter of cyanide extraction of gold, in that a film of a constant 
thickness on the outside of each grain was probably attacked. The same 
size of pyrite was used throughout the experiments so that additional 
quantities would not affect the ratio of oxidized to unoxidized, or of oxidized 
to total pyrite present. It would have been very interesting had the pyrite 
for one experiment been so treated either by screening or by further crushing 
as to alter the ratio of exposed surface to quantity. 


Conclusions. 


From the above review of the various and apparently contrary opinions 
held by the numerous experimenters who have studied the oxidation of 
pyrite in coal, it seems reasonable to conclude that the divergence of opinion 
is very largely due to differences in the coals studied, and that in an average 
bituminous coal the actual heat generated by oxidation of the pyrite is, in 
itself, not usually very important. Taken, however, in connexion with the 
fact that any small increase in temperature of the coal will greatly increase 
the rate of absorption of oxygen and consequent heat production, the heat 
produced by the weathering of pyrite may become a very important factor. 
Whether it will do so or not will depend on whether the coal under consider- 
ation can generate heat sufficiently fast by its absorption of, or chemical 
combination with oxygen, to raise its temperature to the danger point with- 
out assistance from the heat due to the oxidation of the pyrite. The effect 
of pyrite in liberating free sulphur and thus lowering the ignition point 
is unimportant since the point at which autogenous oxidation begins will 
have been passed before the ignition point of sulphur is reached. 

The calorific value of a carbon hydrogen compound is so much greater 
than that of pyrites that a much smaller quantity of the former would 
yield any given amount of heat, and this fact taken in conjunction with the 
relative simplicity and accuracy of the chemical determination of sulphur 
makes it probable that heating has in many cases been ascribed to the alter- 
ation of the pyrite, when in reality it has been due to an oxidation of organic 
matter that has not been detected by the chemist. 

There are, however, some coals in which the pyrite or marcasite is 
excessive in quantity or, like the ‘‘Barnsley softs’ or the Williamson 
county, Illinois, ‘‘New Ohio,” in which it is peculiarly susceptible to oxida- 
tion, and in such coals, it is probable that pyritic oxidation is an important, 
and perhaps the primary cause of heating. Such coals are, however, 
comparatively rare and, owing to their softness and excessive sulphur they 
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are of lower commercial value than normal coals. The problem of storing 
such coals for industrial use, although of great local interest is of relatively 
minor importance, but unfortunately, even when such soft shaly pyritic 
coals are worthless, they are bound to prove troublesome as they cause 
gob fires if left in the waste underground and yet are usually of little 
or no value if brought to the surface. 


SIZE: OF COAL; 


Whether it be the pyrites in the coal which first oxidizes or the coaly 
matter itself, it is clear that the action is largely superficial, or in other 
words, the rate of weathering in any coal is approximately proportional 
to the surface exposed to oxidation. This surface is of course inversely 
proportional to the diameter of the particles, or in other words a ton of coal 
in one-inch lumps has only half the surface of a ton of half-inch lump, or one 
one-hundredth the surface of i4o-inch lump, which may be taken roughly 
as the average size of coal dust, although really fine dust is of course much 
finer than this, and therefore has very much more surface. 

Other things being equal, therefore, we may say that the rate of weather- 
ing increases directly with the reduction in size and is immensely more 
rapid with fine coal than coarse, but this is only true within limits, for in 
order that weathering may take place it is of course necessary for air to 
come into contact with the surface, and excessively finely divided coal packs 
so close that it is virtually impermeable to air and thus after the included air 
gives up its oxygen no more can gain access. Coal must, however, be ex- 
ceedingly fine and suitably graded to be impermeable, and ordinarily we 
find that “fine” coal consists in a mixture of grains of all sizes from impalp- 
able powder up. Such material is by no means impermeable and affords 
immense surface to oxidation as compared with coarse coal. 

If we consider the effect of size alone on the rate of weathering we see 
from the above considerations that it acts in three ways:— 


1. The rate of absorption of oxygen varies as the surface area of 
the coal, that is to say inversely as the diameter of the grains. 

2. The rate of absorption will decrease as the supply of oxygen 
to the coal decreases, i.e. as the percentage of fines increases. 

3. The circulation of air being better for lump coal more heat is 
lost by dissipation. 

A pile of fine coal is more impervious to air than a pile of lump coal 
and hence fineness increases the absorption in two ways, but diminishes 
in another. The maximum of these three effects is attained in a mixture 
of very fine coal with coarse, but not very coarse, material, the exact sizes 
and proportions no doubt differing with coals of different character and com- 
position. 

The aim of every colliery is always to produce as large a proportion 
of lump coal as possible, not primarily because of anticipated difficulties 
due to weathering, but because lump coal burns better in ordinary use and 
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therefore, commands a better price; but the operations of mining unavoid- 
ably produce a considerable percentage of fines even from the hardest 
coals, and many otherwise very good coals are so friable that “‘slack’’ 
constitutes the chief product of the colliery. 

In all cases the amount of fines increases as the coal is handled and 
shipped and thus by the time the coal reaches storage it contains a very 
large proportion of exceedingly fine material unless it is deliberately screened 
and the fines removed.1 

In addition to the mechanical production of fine above referred to, 
further fines are produced as the coal weathers. Pyrite is largely responsible 
for this action as has already been pointed out,? the result being due in part 
to the actual bursting of the coal owing to the swelling of the pyrite on oxi- 
dation, and in part to the solvent action of the sulphuric acid produced 
on minerals such as calcite, etc., contained in the cleavage planes of the coal 
itself. 

Pyrite is, however, not the only mineral constituent which breaks 
up coal by weathering, and Roth? names 30 other minerals which are 
liable to occur in coal, all affected by weathering, and some even soluble 
in water; these by dissolving or swelling tend to disintegrate the coal 
which contains them. 


Fayol remarks that washed coal heats a little less than raw; this 
observation, which is not true of all coals, is probably due to the fact that 
washing removed a large proportion of the dust and fines from the coal, and 
as we see from Parr and Kressmann, the larger the coal the less it heats. 


Porter and Ovitz draw attention to the fact that friability is a quality 
which should be noted for any coal, in that as size decreases, area and con- 
sequent oxidation increase. 


Parr and Wheeler quote figures to show that the smaller the coal the 
greater is its loss in value per year. 


Bement‘, see Fig. 10, found that a good deal of disintegration took place 
in exposed storage; he recommends the storage of “‘egg’’ coal, as it shows 
the least tendency to disintegrate to smaller sizes, and it is free from marked 
spontaneous heating if undisturbed. 


The experience of the Calumet and Hecla Mining Company may well 
be quoted here; they at one time stored all their coal in the form of “run-of- 
mine,’’ and experienced much trouble from heating; upon changing their 
methods so that only oversize from a bar-screen was stored, and the under- 
size used as soon as possible, all trouble with heating of piles ceased. 


The influence of size upon the action of two American coals exposed to 
oxygen is well shown in Fig. 6 taken from the work of Porter and Ovitz.® 


1 This was pointed out by De la Beche, Blackwell and Bunning, who were among the very early writers on 
the subject and all three held the view that fines were more dangerous than pyrite. 
2 See page 31 et seq. 
3 Chem. Geol. p. 69 et. seq. 
: 4 This writer’s experiments on storing certain Illinois coals are interesting and valuable. See ‘“‘The Loss 
in Coal due to storage.’” Am. Inst. Chem. Eng. Vol. III, 1910, p. 281. 
Pint Cong Apps Chem),11 912s Violsex sppseeol—20ue 
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When dealing with very small quantities of coal as in laboratory 
experiments, the effects of fines in reducing the loss of heat by radiation 
and in decreasing the supply of oxygen are negligible, and hence it is possible 
to get the direct effect of increased surface area by experiment. This has 
been done by Parr and Kressman!, and the results are shown in curves of 
which three sets are reproduced from their paper, (see Figs. 7, 8, and 9). 
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(From Parr and Kressman.) 


OVEN TEMPERATURE DKG. C. 
1:65 % Pyrite—Dry Coal. 
Fic. 7. Effect of size on rate of oxidation at elevated temperatures. 


THES SIZE SHAPE. ETC...OF THE STORAGE PILE. 


When coal is kept in a storage pile for a considerable length of time it 
is a comparatively simple matter to study its condition by keeping a record 
of temperatures in a sufficient number of places in the pile. We can thus 
readily follow the variation in temperature of the mass, as all the reactions 
are exothermic. 

Any heating of the interior of the pile, whether it be small or great, 
must be primarily due to oxidation, and the source of oxygen is the air 
which filled the voids in the broken coal during the piling, and other air 
which thereafter works its way into and through the interstices during 
the whole existence of the pile. Some of the heat evolved is lost by radiation 
and convection, but a considerable part of the loss is due to the cooling effect 


1 Bull. 46, Univ. of Ill. Exp. Sta., 1910. 


48 


of the interstitial circulation above referred to. It is thus clear that the 
physical condition of a storage pile, that is to say its bulk, porosity, etc., 
has a very important influence on its rate of heating. A thin or porous pile 
may oxidize rapidly, but it will be kept cool by radiation and excessive 
ventilation. A very high and compact pile will get too little air to support 
any serious oxidation in the interior and its deeper parts will, therefore, 


INCREASE IN TEMPERATURE OVER 
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(From Parr and Kressman.) 
OVEN TEMPERATURE DEG. C 
1-65 % Pyrite—Wet Coal. 


Fic. 8. Effect of size on rate of oxidation at elevated temperatures. 


heat very little. A pile of intermediate porosity or a particular zone 
in a large pile will get enough air to cause heating and not enough to carry 
the heat away and will thus give a maximum of trouble. 

This matter of porosity is of greater importance than might at first 
be imagined as the interstitial spaces in a pile of broken mineral range from 
15 per cent to nearly 50 per cent of the total bulk, but in addition to this the 
initial temperature of piling also has a considerable effect. Oxidation 
proceeds, other things being equal, more rapidly as the temperature rises, 
and the rate of ventilation also increases both for evil and good as the coal 
gets hotter and the difference between the internal and the atmospheric tem- 
perature rises. 

The inseparable way in which the phenomena of this subject are bound 
together is further shown when we consider that coal ordinarily contains 
pyrites or marcasite, and these constituents under the influence of moisture 
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cause disintegration which, while increasing the oxidizing surfaces, reduces 
the interstitial spaces in the heap; while upon surface exposed and circulation 
of air depend the rate of oxidation and consequent heating, and also the 
subsequent cooling of the pile upon excess of air to the mass. It is clear there- 
fore that a great deal may be learned by observing the behaviour of storage 
piles, if an attempt is made at the same time to obtain full information as 
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(From Parr and Kressman.) 


OVEN TEMPERATURE DEG. 


3% Pyrite—Dry Coal 
Fic. 9. Effect of size on rate of oxidation at elevated temperatures. 


to all of the various factors which enter into the matter; but as a full con- 
sideration of these factors would open up the whole subject of weathering 
we shall content ourselves for the present with noting a few observations, 
particularly concerned with the size and temperature of storage piles. 

Fayol experimented with respect to the limit of depth by constructing 
a pile much higher at one end than the other, and placed thermometers 
at intervals in the mass as shown in Fig. 11, and it will be noted that heating 
took place in the deepest part of the pile about a foot from the ground. 
Fayol concludes that Commentry coal will heat dangerously if stacked in 
heaps exceeding two metres in depth. 

Another of Fayol’s experiments was with a pile in which he regulated 
the rise and fall of temperature by opening and closing holes in a tight 
fitting cover. This gave a very interesting demonstration of the effect 
of air supply. (Fig. 12). 

Porter and Ovitz experimented in the laboratory on the rate of heating 
under varying rates of air supply and set forth their observations in a curve 
which is reproduced at page 54 (Fig. 13). They say that ‘The ideal 
conditions for heating are supplied by a large pile of run of mine coal con- 
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taining a large percentage of dust, piled in such a manner that the air may 
enter.’”’ Presumably the large lumps of coal in this case would serve merely 
to protect spaces large enough for air to attack the fine dust. 


Porter and Brunton studying storage piles of Sydney coal in Montreal 
(see p. 159), obtained apparently contrary results from those of Fayol 
referred to above, but the explanation is perfectly simple. In Fayol’s 
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Fic. 10. Tendency of coal to disintegrate. Original samples 100 


per cent lump, which in one year’s outdoor storage 
broke down to sizes as shown. 


experiments the pile was a small one provided with an impervious cover and 
when the air supply was totally shut off oxidation had to stop and the pile 
lost heat by radiation. In the case of the very large pile observed by Porter 
and Brunton there was no impervious cover, and on the other hand the 
pile in its normal state had ventilation holes 16 inches apart throughout its 
mass. These holes permitted access of so much air that the pile was kept 
cool in spite of its slow oxidation, but when the holes were closed this cooling 
effect ceased, and the pile heated somewhat rapidly. As a matter of fact 
the Porter and Brunton pile when closed was substantially in the same con- 
dition as the Fayol pile when open, and under this condition both piles 
heated. The two sets of observation therefore confirm one another. 


Porter and Brunton also found that although a pile may be covered 
with snow at the surface yet three feet below the surface of the coal the tem- 
perature may be quite high, thus incidentally confirming, although in a 
negative way, the observations of the New South Wales Commission referred 
TOLONE Dot 
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Porter and de Hart working with experimental piles at Glace Bay, N.S, 
found that under the conditions of their trials fresh coal quickly piled heated 
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Fic. 11. Form and temperature of coal Ans 


more rapidly than the same coal slowly piled, or than stale coal repiled. 
Their results are given in some detail on pages 154-159. 


Sd 
THE INITIAL TEMPERATURE OF STORAGE. 


Fayol, who first dealt scientifically with the subject of the initial tem- 
perature of a storage pile, found that Commentry slack if raised to a tem- 
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(Redrawn from Fayol.) 
Fic. 12. Form and temperature of coal piles. 


perature of between 60° and 70°, would continue to generate heat of itself, 
but that if the temperature of a heap did not rise to 60° then it would gradu- 
ally cool off again. It may be noted that this coal is peculiarly susceptible 
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to atmospheric influences, and has in fact a lower point of so called ‘‘autos 
genous oxidation”’ than almost any other important coal with which the 
writer is familiar. 

Fayol also made a series of experiments exposing small lots of variou- 
other coals to elevated temperatures in ovens. These experiments are 
also referred to in another connexion on pages 26 and 108-9. Some of the 
results obtained are shown in the following table which demonstrates the 
effect of the external heating on the ignition point. The coal in each case 
was contained in a box 12 centimetres square by 3 cms high. The sign 
+indicates that the coal caught fire, and — indicates no ignition. The 
small figures show the time which elapsed before ignition took place. From 
these experiments Fayol concluded that the temperature at which coal is 
piled will have a large effect on its rate of heating and its ultimate tempera- 
ture. Any external heat as from the sun or from steam pipes would of 
course have a similar influence. 


TAB Ea xe 
Time Required to Ignite Coals Heated to Different Temperatures. 
Coal = Temperatures of stoves 
100° 1502 200° 400° 
Impalpable Powder 
PathraciteruVlarals) a. sores A. — — — 7 mins. 
ok 
Bituminous coal (Trevil)......... 2h. 20 mins.| th. 10 mins.) 5 mins. 
= aie | ai a6 
(Sae coal Gomumentry),29. 22... SH; 2h. 50mins. 50 mins. 1 min. 
a sala | a ar 
igniter: Viosees)e.. <tr a ce 7h. 50 mins.| th. 20 mins.| 40 mins. 5 secs. 
at ae a 
Dust through } mm. screen. 
FAmeniacites| Matas lo. au sie 35 mins. 
= = cE 
Bituminous coal (Trevil)......... 25 mins. 
EE ~ =f 
(sas coali(Commentry)...%.. 25... 6h fhesOanms: || eL0unins. 
aE ats ah 
Eionites Dordoeneys.05 8 ot oe. 5h. 20 mins. | 1h. 40 mins. 1 min. 
a ex —F 
10 mm. grains 
Maithracite,Wiarats) sents. 50 mins. 
aa Se = 
Bituminous coal (Trevil)......... 20 mins. 
Gas coal (Commentry).......... 20 mins. 
Uienite (Dordogne): aa. 6... 2st = — 3 mins. 
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Parr and Wheeler give an example in which coal kept in an oven at 
110° (has risensto 200 e@eomitcc 

Parr and Kressmann whose experiments with various sizes of coal 
stored at elevated temperatures have been described at some length on 
pages 37-40 and 42-43, give 200°C. to 275°C. as the temperature of auto- 
genous oxidation in air, while they say that firing or actual kindling does 
not take place until a temperature beyond 350° C. is attained. 

Their estimate is no doubt correct for the coal with which they exper- 
imented, but their figure is much too high for general acceptance, and un- 
fortunately many of the most important coals of eastern Canada and 
the United States cannot rise to nearly so high a temperature without risk, 
and in general there is grave danger when a coal pile of its own accord heats 
above 100° C in temperature, as such a temperature indicates that the 
heat given off by the coal is more than counterbalancing the cooling due 
both to radiation and the evaporation of the moisture present, and as 
soon as all the moisture has been driven off a rapid rise in temperature 
is liable to ensue. . 

That temperature has very great influence upon oxidation, is shown 
in a curve drawn by Porter and Ovitz, (Fig. 13A) which approximates 
to the form of a parabola. The temperature at which autogenous oxida- 
tion begins appears to vary with different coals, as might be expected. 


General Discussion and Conclusions. 


The term ‘‘autogenous oxidation” has been so widely used that it is 
retained in the present volume, but the word autogenous is not always 
correctly employed, and here as elsewhere it is liable to give rise to misap- 
prehension. There is undoubtedly for each particular case some particular 
temperature below which oxidation will generate heat no more rapidly 
than radiation and convection can dissipate it; and coal stored below this 
temperature will not rise above this critical point, and will, therefore, be 
safe; whereas the same coal stored at a higher temperature, or heated by any 
means to such a temperature, will have its rate of oxidation accelerated, and 
will thus generate heat more rapidly than it dissipates it, and, therefore, grow 
hotter and hotter until it ignites. This critical temperature is, however, 
dependent not merely on the particular coal used, but on the size and shape of 
the pile, the size of the fragments of coal itself, the degree of moisture, and 
to a certain extent on the external temperature, the character of ground 
under the coal pile, etc., etc. The changes in the critical temperature 
due to variations in these numerous factors are so great that any state- 
ment of the temperature of autogenous oxidation of a coal is useless and 
often mischievous unless accompanied by a statement of the determining 
conditions. It is, however, quite possible for persons experienced in the 
storage of particular coals to arrive experimentally at the approximate 
critical temperature below which their coal in their standard storage pile 
may be permitted to heat without anxiety to those in charge; while if the 
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1 2 3 4 
Litres air per hr. over 5 gms. coal (30 min. test.) 


100 125 150 175 200 225 
Temperature Deg. C. Fresh coal. Coal 1 hr. exposed. Coal 2 hrs, exposed. 
Fic, 13 A—Effect of temperature on rate of oxidation of dry coal. 


B—Effect of rate of air supply on rate of oxidation of cade 
C—Effect of previous exposure on rate of oxidation of 200-mesh coal at 140° C. 


Cu. Cm. absorbed per gm. at 140° C. 
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heat in any spot rises above this temperature the coal requires prompt 
ventilation, careful watching, and possibly digging out. 

From what has been said above it is obvious that the initial temperature 
of storage is of very great practical importance. Attention was directed 
to the matter in 1898 by the New South Wales Commission which recom- 
mended strongly that when coal was put into storage in any shape or 
form, the handling should be carried out as much as possible during the 
coolest part of the day. The commission was considering the case of 
loading ships in a subtropical climate, and its advice appears very necessary 
in that if the coal is being loaded while the sun is shining it becomes greatly 
heated and these hot layers get covered over and so retain their heat as 
the superincumbent coal is a poor conductor. Asa matter of fact the Com- 
mission’s advice is good even for temperate climates, and piles made in 
summer are often quite hot to start with and liable to give trouble. Of 
course the converse is also true and piles made in winter rarely give trouble: 
in fact it is said that ice and snow are sometimes found as late as midsummer 
in coal piles made at Glace Bay in midwinter. 

Every precaution should also be taken to ensure that coal after being 
stored is not heated even locally from some external source. Coal piled 
near boilers, and particularly over or around hot pipes or flues is quite 
liable to develop violent spontaneous combustion. The action of the sun 
on a finished pile is on the other hand not likely to do harm as it is super- 
ficial and the heat gained in the day is usually lost in the night. 

Porter and Ovitz cite a case in which a pile of cinders was observed 
to take fire due to the influence of heat radiated to them from a furnace. 
The cinders contained in one case 33%, and in another 40% of carbon. 
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CHAPTER IV. 


EERO TD ATTONS ORS COAL 


In the preceding discussion an attempt has been made to study each 
of the different factors in the weathering of coal by itself, or as nearly by 
itself as is possible, in order that the part played by each of these factors 
should be understood. It is, however, difficult and often impossible to 
portion out the results correctly among the several causes, and in the three 
next chapters we shall deal with the matter of weathering in a broader way, 
first discussing oxidation of the coal as a whole, and then the practical 
problem of how best to prevent or minimize the weathering of stored coal. 


We have already seen that all coals except the hardest anthracite 
absorb more or less oxygen on exposure to the air. This action may be 
considered under three heads: occlusion, oxidation proper at low temper- 
atures, and oxidation at elevated temperatures. 


In occlusion the action is virtually the concentration of oxygen on the 
surface of the carbonaceous matter; this surface being enormously large in 
the case of powdered or porous material. No actual chemical combination 
takes place, but a considerable amount of oxygen is extracted from the air 
and retained by the coal, and a certain amount of heat is developed. The 
same phenomenon is even more markedly shown by charcoal which if 
freshly burned will on exposure occlude eighteen! times its bulk of oxygen; 
in fact some kinds of charcoal occlude far more than this, and animal 
charcoal takes up so much oxygen that it is liable to be so heated that 
actual oxidation and combustion take place. 


Occlusion, which is a property of many solids with relation to many 
gases, is theoretically quite distinct from reaction, such as oxidation. 
The gas is merely condensed on the surface of the solid in a film of almost 
infinite thinness and no chemical combination between the two need take 
place, but when the gas is oxygen and the solid is a readily oxidized material 
such as coal, the condensation of oxygen on the surface and the consequent 
rise in temperature naturally lead to oxidation, and in practice it is virtually 
impossible to distinguish sharply between the two. Similarly, although 
oxidation begins at low temperatures it develops heat often more rapidly 
than it can be dissipated, and in such cases the temperature of the mass rises 
at an ever increasing rate until ignition takes place and actual combustion 
occurs. 


1 Hunter, Phil. Mag. (4) Vol. 25, 1863, p. 364. 
Dewar, Ann. Chim. Phys. (8) Vol. III, 1904, pp. 5-12. 
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OCCLUSION AND OXIDATION AT ORDINARY TEMPERATURES. 


As has just been explained it is very difficult in practice to distinguish 
between the occlusion of oxygen by coal and the earlier stages of actual 
oxidation. The two will, therefore, be considered together, although the 
cases in which occlusion is probably important will be dealt with first. 

Percy! states that one part of the oxygen absorbed combines with 
part of the carbon and hydrogen of the coal forming carbon dioxide and water 
vapour; while another portion enters into an unknown state of combination 
with the organic substance of the coal, and the remainder is consumed in 
oxidizing the iron pyrites invariably present in the coal. 

Lewes? is of opinion that the absorption of oxygen is, at any rate at 
first, purely mechanical. He states that the absorption is at first very 
rapid, but the rate, which is very much influenced by temperature, decreases. 
This mechanical absorption causes a rise in temperature, which tends to 
increase the rate of the action which is going on, but which is rarely sufficient 
to bring about spontaneous combustion. Lewes states that air dried 
coal absorbs oxygen more quickly than wet coal. The gas which has been 
thus mechanically absorbed becomes chemically very active and soon 
commences to combine with the carbon and hydrogen of the bituminous 
portion of the coal converting them into carbon dioxide and water vapour. 

Fayol? is of opinion that the oxygen combines chemically with the coal. 
~ His arguments in favour of this hypothesis are:— 

{. That the absorption of oxygen by coal is helped by an increase 
of temperature whereas the occlusion of gas by charcoal is impeded by rise 
of temperature. 

2. That charcoal returns to its original state when gas, which has been 
occluded, is driven off by heating, but that coal is permanently altered by 
the absorption of oxygen. 

3. That if the absorption were mechanical it would be equal all through 
a lump which had been exposed to hot air, but such a lump of coal shows 
an alteration which is entirely superficial in character. 

4. The analogy which exists between coals naturally rich in oxygen 
and coals which have absorbed it. 

Cox! found that at first more oxygen was absorbed by coal than would 
account for the carbon dioxide evolved, but that after some months’ ex- 
posure the evolution of carbon dioxide was in excess of the quantity of 
oxygen absorbed. In such cases part of the oxygen no doubt is occluded 
or condensed on the surface of the coal at the start, and while in this condi- 
tion, it is better able to attack the coal-substance. 

Stansfield’ in a short discussion of the subject, remarks to the following 
effect upon the heat evolved by occlusion or condensation of gases, and the 
part that this might play in the heating of coal. 


1 Metallurgy-Fuel 1875, pp. 289-298. 

ae I. Naval Architects. Vol. 31, 1890, pp. 204-228. 

3 Fetudes sur l’altération de la houille exposeé a l’air. M. Fayol, 1879. 
4 Internat. Cong., Appl. Chem. Vol. X, 1912, pp. 109-28. 

5’ The Coals of Canada. Vol. VI, 1912, p. 95-120. 
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There can be no doubt that coal absorbs oxygen. This absorption 
may be mechanical, or chemical, or both. The heat evolved would be very 
different if the absorption were chemical from what it would be if it were 
mechanical, but if mechanical absorption merely preceded chemical com- 
bination the total heat evolved would be the same as if there were only 
chemical combination. The above statements are true whether the 
oxygen combines with carbon, sulphur, or any other constituent of the coal. 

When a gas is absorbed by charcoal, it is rendered very chemically 
active, though not sufficiently so to combine, to any appreciable extent, 
with the pure carbon of the charcoal. If oxygen were absorbed by coal in 
a similar manner there would be every reason to believe that it was thereby 
rendered very chemically active. The experiments of Richters show that 
some of the carbonaceous matter of coal is more easily oxidized than the 
rest. It is quite conceivable that the absorbed oxygen would combine 
with the relatively easily oxidized compounds of carbon, oxygen, and hydro- 
gen present in the coal. These reactions would give out heat and thereby 
increase the chemical activity of the oxygen and might be conceived as 
heating the mass sufficiently to allow the oxygen to combine with the more 
difficultly oxidizable carbon. This chemical action, in which only oxygen 
which has already been mechanically absorbed is involved, would not pre- 
vent the mechanical absorption from being proportional to the partial 
pressure of the oxygen. 

There is one other theory as regards the absorption of oxygen: namely, 
that suggested by Haldane and Meachem to the effect that the oxygen 
absorbed is all used up in oxidizing the pyrite present in the coal. This 
theory, however, is contrary to the fact that the absorption of oxygen by 
coal is not proportional to the amount of pyrite present, but as has already 
been stated in another chapter it is probable that pyritic oxidation does play 
some part in nearly all cases of coal weathering. 

In 1870, Richters' showed by rough calculations based on experiments, 
that coal frequently absorbed so much oxygen that if it all combined with the 
carbonaceous matter of the coal, and the resultant heat were not dissipated, 
the temperature of the coal might be raised above the ignition point. 
He first made experiments to find the amount of oxygen absorbed by 20 
grammes of different coals in twelve days. The coals used were dried in the 
air, but were not heated to drive off hydroscopic water. The results are as 
follows :-— 


Silei)s\ lear oe ee ee 1 2 ) 4 5 
Py Clstilt oy ae weer Oita puoi) We 54-77, 32 1007, 
OxVoem ADSOLDedh ste a amrvricie- oli eres MUeon ee ewer see love: 


The calculation proceeds as follows:— 


‘Since 20 grammes of air free coal occupy a volume of about 15 cc. it follows that samples 
1, 2 and 3 absorbed, in twelve days, more than three times their own volume of oxygen. 


1 This extended quotation from Richters is offered because neither the original papers in Dinglers Poly- 
techniches Journal nor the translations in the Report of the N. S. W. Royal Commissions are to be found in 
any but the largest libraries. His work is exceedingly valuable and interesting and is more thorough and trust- 
worthy than that of any other of the early students of the subject with the one exception of Fayol. 
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Sample 5 absorbed two and half times its volume and sample 4 over one and a quarter 
times its volume.” 

“According to Sassure one volume of boxwood charcoal absorbs 9-25 volumes of 
oxygen. Since the weight of a cubic centimetre of the charcoal examined by Sassure was 
0-6 grammes we see that 20 grammes would absorb 308 cc. of oxygen or about six times 
more than was absorbed by coal (samples 2 and 3) in twelve days. Now it is known that 
this absorption of oxygen is sufficient to raise the temperature of the charcoal to its firing 
point, which, according to Viollette, lies between 400° and 600°C, say 500° C as a mean. 

Let us assume that the quantity of oxygen absorbed is diminished in the ratio of one 
to one-sixth, the heat which is liberated will also be diminished in the same ratio. Assuming 
that the same amount of heat is liberated by coal as by charcoal when the quantity of 
oxygen absorbed is the same in both cases, and also that the mean firing temperature of 
charcoal is 500° C it appears that coal, (samples 2 and 3) would, during twelve days, rise 
in temperature to an extent represented by oe° that is through 83°. This, of course, 
is on the assumption that the specific heat of the coal is the same as that of the charcoal, 
which is only approximately the case, and that no heat is lost in any way’’. In practice 
some of the heat generated is lost by radiation, but Richters believes that this is more than 
compensated for by the increased absorption which goes on as the temperature rises. He 
says, ‘‘In a former communicat on J have shown that three different kinds of coal which 
were exposed to a temperature of about 70°—80°C. lost 3-6 per cent of their heating power.” 

“T et uscalculate theoretically the quantity of heat liberated by the coal during fourteen 
days oxidation while it was losing the 3-6 per cent of its heating power.”’ 


1-76% carbon oxidized to carbon dioxide yield...............--. 140 calories. 
Q-16% hydrogen oxidised to water yield” 05 ea 55 calories. 
2-12% oxygen absorbed forming water remaining in the Coal een 91 calories. 

Totalcc > ee tn ee a oti ata te CR eae i ee 286 calories. 


“This table shows that for 1 Ib. of coal 286 units of heat are liberated. If this heat 
were solely employed in raising the temperature of the coal, that temperature would amount 
to 1,100°C, or, more correctly, the coal would quickly be raised above its firing temperature, 
and would then burst into flame. It appears, therefore, that the heat, which is liberated 
is quite sufficient to raise coal to its firing temperature”. 

“Whether this temperature will be reached or not in any specific case depends (1) 
upon whether the coal can obtaina sufficiency of oxygen and (2) whether the heat developed 
at such temperature can or cannot pass off as quickly as it is generated.” 


Richters’ calculation is based on a number of assumptions. Most 
of them are no doubt substantially true, but a considerable part of the heat 
generated always necessarily passes off by radiation and convection and 
as a matter of fact few if any coals catch fire spontaneously unless exposed 
to the air for much longer periods,! except when they have been previously 
heated. 

Richters’ observations have been confirmed by Parr and Francis’, 
who were able to experimentally note in coal indications of a type of com- 
bustion or heat generation accompanied by evolution of gases at a tem- 
perature far below the ignition point. © 

Taffanel says that oxidation has two main forms, absorption of oxygen 
by the coal, and removal of carbon as carbon dioxide; there is probably a 
third form in the removal of hydrogen as water, but this has not been deter- 


1 Journ. N. of Eng. Inst. Min. & Mech. Eng. Vol. 35, 1876, p. 107. 
2 Bul. Univ. Ill. Eng. Expt. Sta. No. 24, 1908. 
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mined with any degree of accuracy, although determinations of hydrogen 
have shown sensible variations in the proportions of this substance. 

The rate of fixation of oxygen varies with the nature of the coal, and 
it appears, in general, greater for coals rich in volatile matter than for those 
poor in it. The rate varies with time, being comparatively rapid at the 
beginning of exposure, but slow towards the end. 

Richters himself at a later date and several other experimenters have 
confirmed and extended the above observations, and certain of their ob- 
servations may be noted here. 

Richters! experimented with two forms of apparatus. One consisted 
of a glass tube open at one end and capable of being closed at the other 
by means of a tap. The other was an apparatus devised by Dietrich for 
gas analysis, and more particularly for the determination of carbon dioxide, 
modified in that the lead condensing worm was replaced by a glass tube. 
A weighed quantity of coal was introduced into the glass tube of the first 
apparatus and packed tight with a small asbestos stopper. The open end 
of the tube was dipped below mercury and the tap at the upper end allowed 
equilibrium to be established between the external and internal pressure. 
After standing for one hour during which the temperature of the room had 
been kept constant, the tap was closed and the volume, temperature and 
height of the barometer were noted. When using the Dietrich apparatus 
the flask intended for an evolution of gas was employed as a receptacle for 
the coal. 

The first experiment was made with the Dietrich apparatus. Fifty 
grammes of powdered coal, from the Jacob level of the Theresien shaft were 
used, which had been lying in a loosely stopped bottle exposed to the air 
in the laboratory for two months. Readings were taken every twelve 
hours and reduced to normal temperatures and pressure. In 168 hours, 
16 cubic centimetres of air were absorbed. To determine whether the 
absorbed gas was oxygen or not, the oxygen left after the experiment was 
absorbed by an alkaline solution of pyrogallol. Taking air as containing 
20-8% of oxygen by volume, there were originally present 40-5 cubic centi- 
metres of oxygen. Thus if all the gas absorbed by the coal was oxygen, 
there should have been 24-5 cubic centimetres of oxygen left, but only 
23-1 cubic centimetres were absorbed by the pyrogallol solution. Richters 
did not claim any great degree of accuracy for this experiment; but it 
clearly showed that oxygen is absorbed by coal. 

The second experiment was made in the calibrated glass tube with 
20 grammes of coal. After nine days 6-6 cubic centimetres of oxygen, 
i. e., 95% of that originally present, had been absorbed and after this there 
was no more absorption. Powdered coal was used from the Robert level of 
the Theresien shaft. The sample was dried in a desiccator until its weight 
became constant and then immediately removed to the slightly warm tube 
through which a gentle stream of dried air was passed until the tube became 


cold. 


1 Report of N. S. W. Commission on Ships carrying Coal. 1898. 
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A third experiment was made with the same apparatus and 20 grammes 
of coal powder from the Carl level of the Theresien shaft. The air was 
saturated with moisture during the whole experiment. In 10 days 7-2 
cubic centimetres of oxygen were absorbed. The air originally contained 11 
cubic centimetres so that the absorption must have ceased after it had 
reached about 65-4% of the oxygen originally present. 

In order to show that the oxygen was not absorbed by the pyrite in 
the coal, Dr. Richters calculated the possible maximum amounts of pyrite 
in the three seams by assuming the ash to be wholly ferrous sulphide. 
This gave Carl seam 0:31%, Robert seam 0-42%, and Jacob seam 0: 36%, 
all the coals being very low in pyrite. Quartz sand was then mixed with 
pyrite so that the mixture had the same pyrite contents as the coals and 
the experiments were repeated on this mixture instead of the coals. In the 
first case when dry air was used no oxygen was absorbed, and in the second, 
using moist air, only a very small quantity even when the mixture was left 
in contact with air for a very long time. 

Haldane and Meachem, who seem to lean to the opinion that the 
absorption is largely mechanical at first, studied the action of air on coal, 
by aseries of laboratory experiments. In the first instance coal was crushed 
in a mortar and placed in a thick walled flask closed by a rubber cork 
soaked in paraffin through which there was a bent glass tube to form a 
manometer. The limbs of this tube were half filled with mercury. The 
flask was immersed in a water bath so that its temperature was known, 
and the manometer, barometer and thermometer recorded for a long period 
of time. It will be sufficient to quote one of the experiments made with this 
apparatus. (Tables X and XI.) 

The coal used was from ‘“‘Bough’s. bolt hole’, Hamstead colliery, 
sent up three months previously and allowed to lie in lumps in the laboratory 
since that time. The coal was crushed in a mortar and left spread out 
in a thin layer for two hours before it was placed in the flask and sealed. 
The pressures given are corrected for atmospheric temperature and pressure. 


AD Les 


Absorption of Oxygen by Coal in a Closed Vessel. 
(Haldane and Meachem) 


Time since closing Negative pressure | Time since closing Negative pressure 
flask of mercury flask of mercury 
Hours Inches Days Inches 
1 0-15 4 5-05 
5 0-65 5 5-45 
1 1225 6 Os 
24 2-00 ii 6-00 
36 2-80 9 6-10 
48 3-40 11 6-10 
56 3-85 24 6-00 
i2 4-30 6 months 5°85 
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A sample of gas was then withdrawn and analysed. The results of 
this analysis were :— 


Sie) Beeb 


Composition of Residual Gases in Vessel. 
(Haldane and Meachem) 


Ly POT atl a, Siena ae MMR ES tN Ga, 0 NRO Gey Woe 0-066% 
(Coil evshante Play Cia che kegel ee Ck RRR eR Wee Bit 2D ea a a Oe 1-286% 
tS Veece tinny Se oOo bcc CR are at eS eee Noe LE oi A ee a, ee 0-651% 
CEE DOING NORIC Grats Ali Aan te. © ae en rere eee See een we es 0-042% 
Petr OU etn crater ete hea dan rege, oi Uy ot Geek eye cae ete Sao. 97-957% 

PP Ota lareeeete te ec ate be ALEC eae Senet 100 -002% 


Assuming that only oxygen is absorbed by the coal and that no nitrogen 
is evolved this analysis would indicate a diminution of pressure of 19-3 
per cent. When the flask was closed the barometer was at 29-75 inches 
and the diminution in pressure was 5-85 inches, or 19-6 per cent of 25-95 
inches. An even closer check was obtained in another experiment made 
with similar coal under similar conditions. 


Some experiments were then made to obtain quantitative data on the 
rate of oxidation of coal and the effect of variation of temperature on the 
rate of oxidation. The apparatus used consisted of a vessel with two 
tightly fitted perforated corks, one at each end. Through the lower cork 
a current of pure air was introduced. The bottom of the vessel was covered 
with pumice stone and the coal was placed in a thick layer on top of this 
with a view to securing an even stream of air through the coal. 


The air, on leaving the vessel, passed through a smaller vessel which 
could be disconnected at any time and its contents analysed. The air 
then passed through a small meter and thence to an aspirator. The 
vessels were both fully immersed in the water bath and the temperature 
was kept constant for at least one hour before any sample of air was taken 
for analysis. The results of two experiments are shown in Tables XII and 
XIII. 
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A Bi Each 


ABSORPTION OF OXYGEN. 


Experiment I with 0-92 pounds of finely crushed coal sent from the pit 4 
days previously and crushed just before the experiment. 
(Haldane and Meachem) 


Oxvgen 
Temper- | Time since Rate of Deficiency | Carbonic | Fire damp | absorbed 
ature coal was | ventilation | of oxygen acid and per ton of 
of bath crushed per hour increased | carbonic | coal and per 
oxide hour 
Degs. C. Hours Cubic feet Per cent Per cent Per cént | Cubic teet 
15 2 0-091 1-10 0-07 0-290 2-45 
ih) 5 0-131 0-72 0-02 — 2-30 
15 8 0-080 1-00 0-05 — 1-95 
16 20 0-114 0-46 0-04 — 1-26% 
38 25 0-114 1-29 0-05 0-075 3-58 
42 29 0-114 1-48 iP e0r 0-100 4-11 
52 32 0-103 2-18 0-10 0-110 5-59 
*Ventilation left on for 12 hours since last determination. 
AB Ie Vs 


ABSORPTION OF OXYGEN. 


Experiment II with 2-7 pounds of crushed coal (same sample as used in 
last experiment) sent from pit 3 months previously and fragments crushed 
a few hours before the experiment. 
(Haldane and Meachem) 


Oxygen 
Rate of Deficiency | Carbonic Carbonic | absorbed 
ventilation | of oxygen acid Fire damp oxide per ton of 
per hour increased coal and 
per hour 
Cubic feet Per cent Per cent Per cent Per cent | Cubic feet 
0-078 0-40 0-09 0-00 0-00 0-26 
0-084 534 0-67 0-07 0-14 3-70 


These experiments show clearly that the coal continuously absorbs 
oxygen from the air, but that this absorption is at a decreasing rate as time 


passes, so long as the temperature is constant. 


very considerably as the temperature rises. 

It should also be noted in passing that the evolution of carbonic acid 
while continuous is somewhat erratic, and is in all cases very small as com- 
pared with the amount of oxygen absorbed. 


The rate increases, however, 
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Table XIV shows the result of an experiment by Haldane and Meachem 
to determine the effect of sealing off a sample of coal with a limited quantity 
of air. The rate of absorption of oxygen was comparatively rapid at the 
start, but decreased steadily and with considerable uniformity. This 
decrease is ascribed by them to the decrease in the pressure of the remaining 
oxygen in the flask, and no doubt it is partly due to this, but the first four 
lines of Table XII show that a similar decrease in rate occurs with time, even 
when the oxygen supply is constant. The calculations which Haldane and 
Meachem make as to the probable rate of absorption under various con- 
ditions would, therefore, seem to lose a part of their value. 


TABLE XIVe 


Absorption of Oxygen at Reduced Pressures. 


(Haldane and Meachem) 


Mean partial Oxygen absorbed 
pressure of 
Period oxygen in —————_—__——— 
percentage of 1- 
Atmospheres. Observed Calculated 
Pressure. 
Per cent Per cent 
Rarstec4 HOUT Smee ay a Ponte 17-6 6-7 6-7 
Seconds 24: NOUES. wt hs ees 11-9 4.7 4-5 
penirced4 hours sae. Ae 7-9 Shoal! Sal 
ROUpeoe +. NOUTS wen a atl... 5-2 Deh Pa 
Pattie Aros tes ae. eo ee a 3-2 hoes} 1-3 
Sige OUTS? AB Ness. Miko. oe eee, 2-1 1-0 0-8 


Porter and Ovitz! believe that the absorption of oxygen by coal is 
chemical rather than mechanical. This opinion is largely based on an 
experiment with Benton, Illinois coal (No. 49) :— 


“After being supplied with oxygen for five months, during which time it combined 
with oxygen equal in volume to nearly seven times its own volume, a sample of the coal 
was placed in a flask in boiling water. The gases evolved during 15 minutes boiling, 
showed no excess of oxygen over that contained in the air’’. 


The experiment outlined above shows that the oxygen absorbed was 
not merely occluded at the end of its five months’ contact with the coal, 
but it does not prove that occlusion was not the first step in the process. ~ It 
should also be noted as Stansfield? has already pointed out, 


“that when the coal is heated to drive out any oxygen occluded, the experiment be- 
comes unreliable, as, at the higher temperatures the occluded oxygen would react so readily 
with the coal that there would be little chance of its being evolved”. 


The series of experiments is, however, so interesting that a summary 
description of them is appended. 


1 Technical paper II. U.S. Bureau of Mines, 1911. ‘‘The escape of gas from coal.”’ 
2 The Coals of Canada. Vol. VI, 1912, p. 109. 
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The method of procedure adopted was as follows :— 


‘““A sample of about 10 kilogrammes of coal was taken from a clean fresh face of the 
seam in the manner prescribed, by the U. S. Bureau of Mines!; for mine sampling. This 
sample was crushed so as to pass a 43-inch screen, and placed in a 5-gallon crated glass bottle, 
which was then stoppered as quickly as possible—usually within 50 to 80 minutes after 
beginning the cut. A tight fitting rubber stopper was wired in. Through the stopper 
passed a 20 cm.length of glass tubing of 2 mm. bore, its outer end being sealed by a piece 
of heavy rubber tubing and a solid glass plug. The crushed coal consisted largely of small 
lumps between one-tenth and one-half inch in size, but contained 10 to 20 per cent of 
material under one-tenth inch in size. The bottle was shipped forthwith to the laboratory 
at Pittsburg. As soon as it arrived there the rubber stopper connections were painted 
with shellac to avoid all risk of leakage, and a gas sample was at once withdrawn for analysis. 
The bottles were then allowed to stand in the laboratory for several months at a temper- 
ature varying from 12° to 32°. 

Four coals, No. 37 (Pocahontas, Va.) No. 39 (Harrisburg, Ill.), No. 43 (Sheridan, 
Wyo.) and No. 49 (Benton, Ill.), were subjected to further investigation as follows. ‘The 
bottle of Pocahontas coal was connected through the glass tube in the stopper to a reservoir 
of oxygen, so that oxygen flowed into the bottle as fast as it was absorbed by the coal. 
From time to time the gas that accumulated in the bottle was drawn out in order to relieve 
the pressure and permit the inflow of oxygen. The bottles containing coals No. 39 and 
43 were connected to a supply of air instead of oxygen and the inlet tube extended to the 
centre of the coal in each bottle. There also was attached to each of these two bottles a 
collecting reservoir for the escaping gas, the connecting tube for this purpose passing from 
the top of the bottle to the reservoir. The bottle of Benton, Ill. coal (No. 49) was con- 
nected with both an oxygen supply and a gas collecting reservoir, but oxygen not air was 
admitted to the bottle and was admitted at the top, the gas being withdrawn from under- 
neath the coal’. 

A number of other coals were tested in a somewhat similar manner, occasional samples 
of gas being taken from the bottles, but without drawing off the accumulated gas into 
collecting reservoirs or admitting a supply of oxygen. 


The results of these tests are shown in Tables XV, XVI and XVII. 


TABEERe\e 


Descriptive list of coals tested. 
(Porter and Ovitz) 


Coal | Kind of coal | State County Place Name of Mine 
No. coal bed 


29 |Bituminous....|Wyo. |Sweetwater. .|Rock Springs |Rock Springs|No. 1. 


30 a Se Ome | Carbon aes Hannavew a ower. ee INow22 
£8) i acantiels Kyce ol] ohnsonenere Paintsville se. |e ee Flambeau. 
35 2 VV enV a4 Varionereae Monongah . .|Pittsburg....|No. 6. 
37 \Semi-bitumin- 
OUS eee ate Vann. Lazewells.... Pocahontas...) N0s3 eee ale 
39+ |Bituminousss, si Saline: een tlarrisbure selon. or eeeNOm 
ALS | Bitiminouere sears. Fayette..... ./Connellsville.|Pittsburg....|Leisenring No. 1 
43 |Semi-bitumin- 
OSs nae eee Wyo, jolieridan wcnes|onenida tw aa VO omnes Dietz No. 2 
49, iBituminous., lle Pranklines 4 bentone eal NO..e eee Hart-Williams. 


1 Technical Paper I. U.S. Bureau of Mines, 1911. ‘“‘The Sampling of Coal in the Mine.” 
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Absorption of Oxygen by Coal. 


(Porter and Ovitz) 


Weight Oxygen Oxygen /|Vol. of Oxy- 
Coal of coal Period of time removed | admitted gen absorbed 
+ Vol. of coal 
(a) (c) 
Kilos Gc. Cuce 
Pocahontas; Vas. 1334 First: 3 iidaysevenc.. es 37 1,830 0-174 
(No. 37) Next23. dayne iA 4,010 0-390 
Next 31 days... .. 2... 9 Be2LS 0-705 
Next 183days ase 44 24,510 eo 
INext. 3 l'dayswene nia. S) 4,860 0-471 
10 months 2 42,485 4-115 
Barnispure ls. e146 «| First4 days.o22 45.5. 24 1,660 0-145 
(No. 39). 
INext 24. dawsiv. aes. 0 0 0-000 
Next. 3 cdays =. ..0e 456 he 320 0-610 
INextecO:days7 er ayer 102 2,744 0-235 
Nextelosidayer we. 363 17,460 0-520 
Next.3ladays.6 ae 181 4,040 0-343 
9 months 1 PAS) 33,224 2-853 
Sheridan eWyOnea h sOsle wbhirst- 7 dayseas<an-e. 0 2,520 0-403 
(No. 43). 
INextezSndalysse0 00. 52 1eS50 0-240 
INexteo oda yice ware... 61 ai OMe 0-488 
Nex oUsdayc eu eee 54 2,940 0-462 
INext-92 days. nana. 282 13,760 DAvS 
Nexitoiidaysen. sa 166 3,990 0-612 
7 months 615 27,870 4-362 
Dentonelliager ce ict 2 i Pirstuto davon ee 0 2,040 0-220 
(No. 49) ‘ 
INexte lo day Gre aa, eee 34 4,610 0-494 
Next, O2edavcat sta 844 33,700 Se032 
NexpoOdays.-=sa0e= 603 10,970 te113 
Nextiol“dayote) 23.5" 872 1oea20 1-576 
Nex 30 l°daySaar ewe ena ce Wee tA ete. 
17 months 2393 66 , 840 6-935 (bd) 


(a) Relative volumes of gas are computed on the basis of the apparent specific gravity 
of the coal (taken as 1-3), this value being the average of a large number of determina- 
tions of small lump size (1-inch) coals. The volume occupied by 10 kilogrammes of coal is 
therefore taken as 10/1-3=7-7 litres. The volume of the pores in small lump coal, 
assuming an average absolute specific gravity of 1-45 may be computed as one-tenth of 
the volume of the lumps, that is (1-45—1-30) +1-45 =0-103. 

(b) Total for five months only. 

(c) Oxygen from air in case of Nos. 39 and 43. Oxygen 95% pure, in case of Nos. 
37 and 49. The great irregularities in the rate of absorption of oxygen are due to the 
irregular admission of oxygen. 
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TABLE XVIT- 


Absorption of Oxygen by the above coals in closed vessels. 
(Porter and Ovitz) 


ee 


Vol. of oxygen 
Coal No. Period of time Oxygen absorbed absorbed 
Volume of coal 
C.c 
DARE eh? Pitst 22.dayS ee oe ee 2,500 0-313 
Next 9'daysts. .cac- ieee mn oe PO ge tn see oe 
SOPRA erick es Pirst.OVdays. cee eee ene eee 2,500 0-313 
Next-2lidays. ee On ae, eee 
Shel ae ee nt First: 24: days arena ek ee 2,500 0-313 
Next-249%days niente eal Geral nn Og eee ek ee ate re 
Botha Cae Pirst.4 dayeun-n ere eee Deo) 0-288 
Next:26:daye ws gacetiies eet ee gee te ce 
Alo neo a IEStC AY eee tare nN Te, eee: 1,080 0-135 
Nextel Olda yoann: «ener 1,220 0-153 
Next415 daysstsucs ee ce tee ee) Oe ee ee 


The figures in Table XVI do not permit of any trustworthy estimate of 
the rate at which coal absorbs oxygen, due to the fact that it was found, 
late in the course of the experiment, that the degree of concentration of 
the oxygen had a great influence on the rate of absorption. Ordinary 
air had been used in some of the tests and 95% pure oxygen in others. 
In all cases, however, a rapid and long-continued absorption is shown, 
and there was little or no evolution of carbon dioxide. 


The volume of air enclosed with the coal in the 5 gallon bottles used to 
contain the samples was a little over 11 litres. Thus there were originally 
present about 2,500 cubic centimetres of oxygen in each with about three 
times this volume of coal. Samples of the air from some of these bottles 
were withdrawn from time to time and analysed and the results, which are 
given in Table XVII, show that virtually all of the oxygen was absorbed 
quite soon, for example, coal No. 41 absorbed slightly more than half of the 
amount in one day; at the same time it evolved little more than one-tenth 
as much carbon dioxide as would have been formed if all the oxygen ab- 
sorbed had combined with carbon to form carbon dioxide. 


Parr and Barker! experimenting with Illinois coals obtained results 
showing a large absorption of oxygen. Their tests may be summarized 
as follows: coal drillings were sealed for twelve months in jars with vol- 
umes of air equal to from six to ten times the volume of the coal. After 
one year the air was withdrawn and analysed. The coals used were:— 


1. Springfield, Sangamon Mine, Sangamon Coal Co. 
2. Springfield, Sangamon Mine, Sangamon Coal Co. 
3. Eldorado, Mine No. 8, O’Gara Coal Co. 

4. Marion, Chicago and Big Muddy Coal Co. 


1 Univ. of Illinois Eng. Expt. Station Bulletin No. 32, 1909. 
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5. Herrin, Squirrel Ridge Mine, Chicago and Cartierville-Coal Co. 
6. Du Quoin, Greenwood, Davis Coal Co. 
7. Belleville, Suburban Coal Mining Co. 
8. O’Fallon, Mine No. 2, Louis and O’Fallon Coal Co. 
(BABY Paes VDA 
Absorption of Oxygen by Illinois Coals. 
(Parr and Barker) 
Sample I II III IV V VI VIL VILL 
VV GOteCOal (rmss)cm 5 wee. ose: 109 139 180 183 146 134 138 153 
Total volume of gas enclosed 
PTR CHCMG ee oe) 5 oe. Oe 873 849 816 814 843 copes) 850 837 
WOR CCRC. te a eh 8 we 0-16} 0-13) 0-00} 0-00) 0-25} 0-00) 0-00) 1-45 
INIEL ODEN eee wean eeet Actas. 99-36} 98-93} 93-04) 98-13) 97-33] 98-77) 98-99} 96-93 


Parr and Wheeler! have done very valuable work on the losses in 
calorific value of Illinois coals due to oxidation, which they conclude to 
range from 1-3% to 3-4% over a period of ten months. In view of the 
importance of their work no apology is necessary for the following some- 
what extended abstract of their published report now out of print. 


The coals used for the principal series of tests were from Sangamon, 
Williamson and Vermilion counties. Car load lots both of nut coal and 
screenings were procured and one-half of each was piled out of doors to a 
depth of 35 feet in rough bins with earth floors. The other half-carloads 
were put in covered wooden bins with board floors raised about eighteen 
inches above the ground. The coal in these bins was partly exposed on 
two sides. Other portions of these coals were placed in large earthenware 
jars holding one hundred pounds each, and after being covered with water 
were stored in a cellar having a temperature of about 70 degrees Fahrenheit. 


In addition to the above coals, samples were obtained from piles 3-7 
feetdeep containing not over 500tonsofscreenings from Christian and Fulton 
counties; these piles had been entirely exposed for six months: and from large 
piles of Williamson and Franklin county coals belonging to the Common- 
wealth Edison Co., one containing 25,000 tons of egg coal between 3 and 
6 in. diameter, another 3,500 tons of nut, anda third 4,500 tons of washed 
No. 1. Samples were also obtained from a fifteen ton lot of Vermilion 
county coal which had been piled on the ground for two and a half years 
and analysed from time to time, and finally some mine pillars over 25 years 
old, and a natural outcrop? in Peoria county, were accurately sampled. 

Since it is impossible to sample any lot of coal exactly as regards ash 
and sulphur, all B.Th.U. determinations were referred to the actual coal 


1 Univ. of Ill. Eng. Exp. Sta. Bull. 38, 1909. 
2See page 169, this volume. 
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basis for the sake of comparison. In order to do this the following formula 
was used. 


B.Th.U. as determined — 5000 X Weight of Sulphur. 
1-00—(Moisture + 1-08 X ash + (22 + 40) X Sulphur) 


“Tn explanation of the terms of this formula it may be stated that 
“5000 X Weight of Sulphur’ in pounds per pound of coal represents the 
heating value of the sulphurin B. Th. U. This is deducted from the heating 
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(From Parr and Wheeler.) 
Time of Storage—Months. 


Fic. 14. Calorific power stored coal. 


value of the coal given by the calorimeter in order to overcome any varia- 
tion in the amount of sulphur present in the several samples. The term 
“1-08 & ash’”’ represents the mineral matter of the coal that remains after 
burning completely and also an additional eight per cent for the water 
and carbon dioxide that were not part of the coal, but which combined 
with the mineral matter of the ash and thus took the place of an equal 
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TABLE XIX. 


Calorific Losses in Storage, Vermilion County, Illinois, Nut Coal. 
(Parr and Wheeler) 


Dry coal Baie Decrease 
Sample taken referred 
to actual | 
Ash [Sulphur |B.Th.U.| or unit | B.Th.U.| Per cent 
coal 
STORED IN EXPosED BINs. 
Seiierda yo acimined =e. a) yee He lOe 55 4-25 |-12,991 | 14,814 —_ — 
jeaays aiterimining’) 5 ..1 <8 13-98 Ze Go aie lal ee ae 1 98 0-66 
ZeMoothsatten mining yee. 14-21 2 Ae Pi le2OSe ele oSs 7 237 1-60 
6 months after mining.......... 13°53 2 LO md 12390N) 145575 239 1-61 
P2emonthsiaiter mining +2... 13-62 2252 We l2n2o2 el 4495 316 TNs} 
STORED IN COVERED BINS. 
Same day as mined.......... 10-55 4-25 | 12,991 | 14,814 | — —- 
GAGS AlLeTanigine se. ear 13-98 2°65 | 12,412 | 14,716 98 0-66 
Zemonths alter mining. .:.4...0 13-08 eike 12,475 | 14,604 210 1-42 
Onuontis atten minine. a, csen . 11-76 21a i2,ofieh 14.472 342 2e3 1 
12 months after mining......... 13-52 Zale lee 2 Omi 405 411 PES] 
STORED UNDER WATER. 

Saineday as mined @o.,2205.)) 010-55 4-25 | 12,891 | 14,814 — — 
Same day as submerged........| 13-98 2-05 "eile el Zeina (16 98 0-66 
6 months after mining.......... 15337. 3234) 191270135) 145526 290 1-96 
12 months after mining......... 13-85 SD OleOle ALL 7 297 2-00 


ne 


weight of actual coal. The last term “(22+40) X Sulphur”’ represents the 
sulphur corrected for the oxygen that replaces it in the ash. When the coal 
is burned, any sulphur that was combined with iron as pyrite is replaced by 
oxygen leaving Fe: O;in the ash. This exchange results in a loss of weight 
of only five-eighths of the amount of sulphur burned; since, however, part 
of the sulphur is not in the form of pyrite, but in a non-combustible form 
which may remain in the ash, the fraction 22 + 40 is used instead of 3 
The denominator, therefore, in the above formula, is the weight of actual 
coal in a unit weight of coal as analysed.” 
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(From Parr and Wheeler.) 
Time of Storage—Months. 


Fic. 15. Calorific power stored coal. 


Tables XIX to XXVIII show the results obtained from these tests. 
The calorific values from the tables have been plotted (Figs 14 to 21) 
and the curves show very clearly the loss of calorific value due to weathering. 
In nearly all cases the screenings show a greater loss of calorific value 
than the nut coal. None of the coals used for these experiments, however, 
show a loss of calorific value which would warrant the storage of the coal 
under water; nevertheless the tests show very clearly that this method 
of storage decreases the weathering losses. 


Calorific [osses in Storage, Williamson County Nut Coal. 


‘TABLE XX. 


(Parr and Wheeler) 


Dry coal. B.Th.U. Decrease. 
referred | 
Sample taken. ri 
o actual | 
Ash. | Sulphur.| B.Th.U. cH th B.Th.U.| Per cent. 

STORED IN EXPOSED BINS. 
Same-day as mined...2.. is: 13-98 3-73 | 12,499 | 14,859 — — 
Peay Sea TECEMITIIMING ag voter a le a 14-90 3:02 | 12,341 | 14,821 38 0-26 
2*months aiter mining .......-. .| 14-32 4-12 | 12,409 | 14,835 24 0-16 
6 months after mining.......... 13-81 3:43 | 12,455 | 14,765 95 0-64 
iZ2pmonthsratter mining’... 22 11-88 2273 \Gl20/59.) 145734 125 0-84 

STORED IN COVERED BIns. 
Same day as miles <).2)7c a0. 13-98 3-73 | 12,499 | 14,859 —- a 
7) GGyGwen ited NNN Neer cma ie pen cee 14-90 SeO2e@ L234 4) 149524 o) 38 0-26 
Peinoutigralter Mining ess... 14-08 3:84 | 12,378 | 14,739 120 0-81 
O months aftersmning:.......2. 13-06 3-60 | 12,469 | 14,644 ZA 1-45 
P27montis atter.mining: 2... .. 4. 13-24 3-20 | 12,428 | 14,616 243 1-64 

STORED UNDER WATER. 

Dauner Gaye as TING. arlene, 13-98 3-73 | 12;499 | 14,859 — — 
Same day as submerged........ 14-90 3-02 | 12,341 | 14,821 38 0-26 
OrmOnLUS ater MIN 2. sex... 15-65 Bolo eens OOF" A 14,673 186 1-25 
12 months after mining......... 14-87 or42a) Lon2ol id, 724 138 0-93 
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(From Parr and Wheeler.) 
Time of Storage—Months. 


Fic. 16. Calorific power stored coal. 
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PAD ee XT: 


Calorific losses in Storage, Sangamon County, Illinois, Nut Coal. 


(Parr and Wheeler) 


Be tisue 
Dry coal. referred Decrease. 
Sample taken. to actual 3: 
or unit | 
FASS LOU pnt bel ho Use coalin |. b.Ln.Ue) Pencent, 


i 


STORED IN EXPOSED BINS. 


Same sdayias. mined emy-e 1. cae ck! 387 So Sa lbek te Sle La 13 — — 
Woda vera lermiiiingess oe aa 16-63 DOP ie SOO Rm Peo S71 t 202 1- aT 
Denonche alterminivces ee 17-45 | 4-66 | 11,626 | 14,497 | 276 | 1-87 
Ganonths after mining ...2.. =... 16-03 4-91 | 11,798 | 14,444 329 2°23 
iZmonths after mining... +. 4+. 14-97 4-68 | 11,860 | 14,307 466 Poecal les 


STORED IN COVERED BINns. 


Sameday as Mined: .t. i.e ean! Leos 575) | LIS f4iy 14773 | = — 
Wedaysralter mining... .7.4-0)-|) L003 SLOP LIS SOO mie L455 ji 202 1-37 
2 months after mining (sample eae 16-08 5:03 | 11,912 | 14,600 | 173 eee evs 
2 monthsafter mining (sampieb) .| 17-57 5-01 s/g411 5626 esse 238 1-61 
Gsnontis acer mining +... ans. 16-30 4-52 | 11,682 | 14,336 437 2-96 
12 months after mining....... iy 15-99 4-65 | 11,589 | 14,165 608 4-12 


STORED UNDER WATER. 


SEMLIGECAV eA Seine ee ee Sella OT efinoten| Ski yi a! | ale lr — — 

Same day as submerged........ 16-63 5e10 Velie 800) 14,571 202 Loy, 
6 months after mining........ mt 15-90 4.21 | 11,854 14,461 22 2-18 
12 Howe ees AOWD URAC ss ae, Aan 15-95 Sl Lala eso ape 14 503 270 1-83 
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VERMILION COUNTY, ILLINOIS 


ScREENINGS 
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(From Parr and Wheeler.) 
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Calorific power stored coal. 
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TABLE XXII. 


Calorific losses in Storage, Vermilion County, Illinois, Screenings. 


(Parr and Wheeler) 


Dela, 
Dry coal referred Decrease. 
Sample taken. to actual 
| or unit 
Ash. Se Beli U. | coaly ©) Bylh.U;\Per cent. 
STORED IN EXPOSED BINS. 

Same ayes tinedas. 3h a oe. 17-88 2-30 \ 11937114888 — — 

7 days after mining (sample a)- .-. 13-98 | 2-87 | 12,414 | 14,726. 162 1-09 
Peco Verilleceininine= aqmple bye « 43.69 | 2-29 | 129507 | 14,750. 129 0-87 
2 qagitine Reeratat ey eae Sele Ibtoee | Nese 11,958 | 14,497 391 2-63 
2 months after mining (camptes).| 14-69 | 2-90 | 12,178 | 14,578 | 310 | 2-08 
G months after mining.!:....... 15-63 2-44 | 11,969 | 14,487 401 2-69 
12 months after mining......... 14-46 | 2-24 | 12,006 | 14,304 584 3-92 

STORED IN COVERED BINS. 
Same day as mined............ 17-88 2-30 | 11,,937-)-14, 888 — _ 
Faclay Ss, ALterinINe e(eauipleai ees al 410298 2°87 | 12,414 | 14,726 162 1-09 
WedayS ater 10ines ample bytes) lor 09 POOAS) S| SORENOE OBST AGS®) 129 0:87 
Pemiontucaltern mining... 22. 5-20 e254 tae 008 280 1-88 
Osmontns alter mining: a. wes Weel ae 54 2 25a 250/44 391 497 3-34 
12 months after mining..... yy ie 15-36 DA Nel iO ie a4" 225 663 4-46 
STORED UNDER WATER. 

mame day as mined: ¥-2.5.5.4.9. 17-88 2°35 | 11,937 | 14,888 — — 
Same day as submerged (gample a)|_ 13-98 2°87 126414 14726 162 1-09 
Same day as submerged (sample b)| 13-69 2220 a ee oO sans t4s 159 129 1-87 
6 months after mining......... 13-87 2-32 | 12,270 | 14,514 374 Jem) 
oceans bow, ee 13-85) Demi) 12 2840 14,488 |. 405 2.72 
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WILLIAMSON COUNTY, ILLINOIS 


SCREENINGS 
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Fic. 18. Calorific power stored coal. 
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PA BERNE 


Calorific losses in Storage, Williamson County, Illinois, Screenings. 


(Parr and Wheeler) 


Berh.U. 
Dry.coal: referred Decrease. 
Sample taken. to actual 
or unit 
Ash. |Sulphur.|B.Th.U.| coal. | B.Th.U./Per cent. 
STORED IN ExposED BINs. 
Samenday as mined: wars hs 14413 Se lio wel2 420s 140 782 — a 
iGayoatter mining. 2.110...) 14°37 Sst) | b2 287 145666 116 0-78 
2 months after mining.:........ 15-66 2 Ola ie tso wold (O01 81 0-55 
6 months after mining.......... 13-76 2:84 | 12,342 | 14,597 185 1-25 
12 months after mining......... 13-77 25158 I 26 32550 145579 203 1-37 
STORED IN COVERED BIns. 
Same day as mined............ 14-13 3°17. | 12,426 | 14,782 — — 
7 days after mining.............| 14-37 3°34-| 12,287 | 14,666 116 0-78 
2 months after mining.......... 12-62 298 1260085) 14-705 Ld 0-52 
6 months after mining.......... 13-60 3°03°)-12,372 | 14,610 172 1-16 
12 months after mining......... 13-43 221275585 |) 14 9582 200 1-35 
STORED UNDER WATER. 

Sinema ves mineden. sere, fant, 914-13 SEM E || AVA |) AW — | — 
Same day as submerged ........| 14-37 | 3-34 | 12,287 | 14,666 | 116 | 0-78 
6 months after mining.......... 14:38 ‘|, 3-545] 12,262 | 14.645 | 137 | 0-93 
12 months after mining......... 13-60 pase yy | 12 ,447 | 14,698 84 | 0-57 
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TABLE XXIV. 


Calorific losses in Storage, Sangamon County, Illinois, Screenings. 
(Parr and Wheeler) 


B:Th.U. 
Dry coal: referred Decrease. 
Sample taken. to actual 
or unit 
Ash. |Sulphur.) B.Th.U.) coal. | B.Th.U, |Per cent. 
STORED IN EXxposED BINs. 
pa ie Ga VraSMnined «tem, See Lye S 4-92 | 11,752 | 14,604 — — 
jecdaysattermining 14.4.8 «90 17-04 4-47 | 11,684 | 14,481 25 0-84 
Zsmonths alter mining’..;...... 1222 5-00 | 11,645 | 14,488 116 0-79 
6 months after mining........... 17-02 4-54 | 11,526 | 14,281 323 Deak 
12 months after mining......... Wh PRs As Shoe VIL Sa 13,855 joo! 5-14 
STORED IN COVERED BINS. 
Same daveas mined mee... vee edvels ASOD MAI 7526 14604 — — 
wedays aiter mining? :s-. 07... 17-04 4-47 | 11,684 | 14,481 123 0-84 
2 months after mining.......... 18-33 4-70 | 11,414 | 14,404 | 200 bind | 
Ganonths aiterimining 0)... 17-30 4-67 | 11,466 | 14,263 341 IRR) 
12 months after mining........ 17-06 4-73 | 11,248 | 13,944 660 4.52 
STORED UNDER WATER. 
ale Gayaastiineds senna on 17-13 BOTAN Uh 52m a4 O04 = — 
Same day as submerged........ 17-04 4-47 | 11,684 | 14,481 123 0-84 
Gemonths aftenmining. . os... 19-86 SOUR el 12 fee Aes fee O32 1-59 
12 months after mining. *....... Toad if 4-81 | 11,479 | 14,478 126 0-86 
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AVERAGE VALUES FROM THE SIX PRECEDING FIGURES. 
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(From Parr and Wheeler.) 
Time of Storage—Months. 


Fic. 20. Calorific power stored coal. 
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TABLE XXV. 


Calorific losses in Storage, average values from six preceding tables. 


(Parr and Wheeler) 


Babies 
Dry coal. referred Decrease. 
Sample taken. to actual 
or unit 
Ash. |Sulphur.|B.Th.U.| coal. |B.Th.U. |Percent. 
STORED IN ExposED BIns. 

same'day as mined. .... .. 15-26 4-03-42, 2240) 14.787 — — 
(days alter minitig ges: ae oe 15-413 3°53 | 12,164 | 14,666 121 0-82 
Zemonths after minine:....-2..- 15-68 3:61 | 12,024 | 14,606 181 1-22 
6 months after mining......... 14-96 Oc00 Whe 0S1e e144 525 262 aeYiT! 
Wimonths alter mining... 5h 14933 3:29 | 125065 | 14,379 408 2-76 

STORED IN COVERED BIns. 

Same day as mined............ 15-26 A-0Q3 | 12,224 | 14,787 oo — 
iedays atten lining nes hoe. 15213 S-o5 126164 1 14° 666 121 0-82 
2 months after mining.......... 15-07 S25 Sal ade il 147.605 182 1222 
6 months after mining.......... 14-42 S55 a oaeLOSa 144453 334 2-26 
12 months after mining......... 14-77 375 Wilds. 945 q) a143 23 464 3-14 

STORED UNDER WATER. 

Damerday ss muncd. a... so) o15226 4-03 | 12,224 | 14,787 — — 
Same day as submerged........| 15-13 3°53 | 12,164 | 14,666 yaa 0-82 
6 months after mining.......... 15-84 509511 O35 fl o14.7532 259 173 
12 months after mining......... 15-02 oo lee Ze 090R eta bO7 220 1-44 
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TABLE XXVI: 


Calorific losses in Storage, Christian County, Illinois, Screenings. 
(Parr and Wheeler) 


BaGh.u: 
Dry coal. referred Decrease. 
Sample taken. to actual 
or unit 


Ash. jiSulphur’).B.Th.U.| coal. 3 Both. Us iPercems 


When stored. (About 2 weeks 
ArtenMmMi nine yee ae cee e 19-20 504 a1 325149475 — — 


5 months in exposed pile of about 
500 tons (Had heated badly)| 16-68 4-43 | 11,425 | 14,083 392 2 il 


TABLE SX 


Calorific losses in Storage, Fulton County, Illinois, Screenings. 
(Parr and Wheeler) 


Brin. 
Dry coal. referred Decrease. 
Sample taken. to actual 
or unit 
Ash. | Sulphur.|B.Th.U.| coal: /B-Th.U.] Percens 


Dewecksralter mining. snesat. -. 20-97 3-42 | 11,114 | 14,500 aa — 


6 months in exposed pile 3 feet 
GEC sik Metre ae © [peta biel Ba aid OL ee Laws IG 102 0-70 


15000 


B. t. u. per pound of Actual Coal. 
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Fic. 21. Calorific power stored coal. 
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TABER XXVIII. 


Calorific Losses in Storage, Vermilion County, Illinois, Screenings. 


(Parr and Wheeler) 


BalLheue 
Dry coal. referred Decrease. 
Sample taken. to actual 
or unit 
Ash. | Sulphur.) B.Th.U.|- coal. | B.Th.U. |Per cent. 
STORED IN EXPOSED PILE. 
NV em INO acy. eee Ghee ane ee — aa = 14, 850* — — 
About 2 weeks after mining......| 19-11 1-96 | 11,561 | 14,644 206 1-39 
15 emonths alter mining: es 19-54 2-20 | 11,368 | 14,491 359 2-42 
22 months after mining......... 20-61 1-88 | 11,134 | 14,392 458 3-08 
28 months alter mining wes es. 21-70 1-83 | 10,901 | 14,307 543 3-66 
STORED UNDER WATER. 
NWO AYevaWi ae bh se1S Ma coli vo ee, ae Sano — — — 14,850 — — 
15 months after submerging.....| 15-90 2229 12" 154 iA Ol 89 0-60 
28 months after submerging.....| 17-75 1-97 (1176869) 145531 319, Dae ihe) 


*Calorific value taken from other analyses of fresh coal from same mine and neighbouring mine. 


A valuable paper on oxidation by Winmill! has appeared as this volume 
is being prepared for the press, and the following extracts are included as 
they have a decided bearing on the subject under discussion. The paper 
describes the first? of a series of investigations undertaken by the Doncaster 
Coal-owners Association in England, who have undertaken a systematic 
study of their coal seams. In this first paper the results of four sets of 
experiments are set forth:— 


(a) On the relative rates of oxidation of various parts of the Barnsley 
seam. 


(b) On the effect of reducing the oxygen content of the intake air 
on the rate of oxidation. 


(c) On the effect of the size of coal dust particles on the rate of oxida- 
tion. 


(d) On the effect of temperature on the rate of oxidation. 


1‘*The Absorption of Oxygen by Coal,” by T. F. Winmill. T. I. M. E. Vol. XLVI, 1914, pp. 559-591. 

2 Further reports have just appeared but it has been impossible to make use of them in the present work 
without delaying its publication. They are (a) ‘‘The Absorption of Oxygen by Coal ‘‘(Parts 2-6) by T.F.Winmill 
and J. Ivon Graham, Tr. Inst. Min. Engrs. Vol. XLVIII, 1915, pp. 503-49; (b) ‘‘The Absorption of Oxygen 
by Coal” (Part 7) by J. Ivon Graham. Tr. Inst. Min. Engrs. Vol. XLIX, 1915, pp. 35-43. 
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The methods used were as follows: a vessel containing coal was im- 
mersed in a bath of constant temperature and a steady stream of air passed 
through the coal mass, particular care being taken to ensure that the 
air did not find its way through definite channels. Pure air was obtained 
from a pipe passing through the wall of the laboratory into the outside 
atmosphere, and was drawn through the coal dust by a water aspirator, 
the rate of flow of the air being measured by the rate of flow of water from 
the aspirator. The air-stream issuing from the coal was analysed at in- 
tervals by means of a Haldane gas analysis apparatus. These analyses 
gave the percentages of oxygen, carbon dioxide, combustible gas and nitrogen 
in the sample; and the amount of oxygen absorbed was calculated by a me- 
thod which took into account the dilution produced by the combustible gas 
and the carbon dioxide taken up from the coal, and allowed for all changes 
in the temperature and barometric pressure. . 

Six kinds of coal from-the Barnsley seam near Doncaster! were tested 
as follows :— 


Hard coal, Soft coal, Cannel coal, Jacks, Shale, and Mother-of-coal. 

A portion of each was ground to pass through a 200-mesh sieve and 
was tested at 30°C in the apparatus above described. Further portions 
of the hard coal in coarser fragments were similarly tested to determine 
the difference in rate of absorption due to size. 

Further portions of the 200-mesh ‘‘Hard”’ coal were similarly. tested 
at 40°-50° and 60°C to determine the effect of elevated temperatures. | 

The results of the tests are set forth in Fig. 22 and Tables XXIX to 
XL, pp. 88-99. | . 


_1 The paper states that the samples ‘‘have all been taken from a mine working the Barnsley seam, which 
is liable to spontaneous combustion.’’ The coal oxidized so readily that fresh coal was required for the 
experiments, and “‘the average interval from the winning of the coal to the time when it was ground and inthe 
experimental vessel has been about two hours.’’ The sample was always selected from a “rapidly advancing 
face.’’ The name of the mine is not given, but as the laboratory was in Doncaster the above statement makes 
it clear that the samples came from that immediate locality. 
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AW NEIED, ODS (sh): 


Hard Coal, MY 150 grammes, passing through a 200-mesh sieve; 
Temperature 30°. 


(Winmill) 
Rate of O, at 
flow of Combust. Hours ING TeeGate 
No. of sample. air per Oz CO: gas. from absorbed by 
hour. . start. 100 g. coal 
per hour. 

ae Cc: Per centsumbenmcentesim. ef cent. Cc: 
fete ce 993. | 18-16 0-10 0-64 1-75 | “50 .scmnee 
Pe 9s: 084 18-88 0-07 0-45 §o6 15-28 
Be eg weet: 437 18-04 0-06 0-43 7-75 | 9-78 
peer te 423 18-64 0-08 0-28 11-75 7.51 
os Ae ra, 308 18-99 0-07 0-21 16-25 5-99 
6 0G ent 351 19-14 0-07 0-14 25-00 4.92 
Eh ea oe 325 19-56 0-05 0-08 36-00 woe 
Tie ant a 290 | 19-47 0-09 0-10 44-00 3-35 
Lott 294 | 19-47 0-08 0-09 47-00 3-26 
ik ree at 276. | 19-51 0-08 0-05 52-25 3-08 
(ct ee 248 19-60 0-08 0-00 64-25 2-60 
Pra Soe 554 | 20-40 0-05 = 71-00 2.34 
ice (236 «| «19-84 0-05 = 87-75 2-02 
‘Vitek eae eee 234" |) -20!00 0-07 an 112-50 1-72 
ate sake 286 | 20-22 0-06 z 139-00 1-62 
Ne ee Aa ees 286 | 20-25 0-07 we 161-00 1-53 
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ADU Sah) 


Hard Coal. Weight 136 grammes, passing through a 200-mesh sieve; 
Temperature, 30° C. The intake air contains 8-28 per cent of 


oxygen!. 
(Winmill) 
Rate of Or» at 
flow of Combust. Hours Nala ce Pe: 
No. of sample. | air per Oz CO; gas. from absorbed by 
hour. start. 100 g. coal 
per hour. 
(cKe Per cent. } Per cent. | Per cent. He 
i See a 974 6-09. 0-08 1-10 175 14-87 
ho Eee ROP 882 6-96 0-05 0-35 RS 8-62 
Bey er eee ce 355 6-11 0-10 0-30 (Eh) 5-79 
A RN Tae 351 6-52 0-09 0-12 eo ys 4-65 
5 2 th, Te ome 329 6-66 0-11 0-17 16-25 4-02 
ah ae, ere Slt 6-84 0-13 O-12 25-0 6235 
ih ee eee gn eem 321 (ea 0-17 —- 36-0 2-69 


1 This special test was run to determine the effect of exposure to air which had already been deprived 


of the chief part of its oxygen. 
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(AB IZHe XX 


Soft Coal. Weight of Coal, 150 grammes, passing through a 200-mesh 
sieve; Temperature, 30° C. 


(Winmill.) 
Rate.of Oz at 
flow of Combust. Hours, IN De Cooke 
No. of sample. | air. per Oz CO; gas. from absorbed by 
hour. start. 100 g. coal 
per hour. 
x a CeCe Per cent. Per cent. | Per cent. C.Ce 
eer Sate ego | 474 15-09 0-16 2-04 a 2:0 wale real a 
ice, hod eos 490 ale 10 0-11 11) Bowe 14-36 
Siar renee: | Se OU 17-99 0-10 0-45 9-75 tis24 
Pye ter es ee es 474 ae 18-47 0-09 0-34 13°75" 8-96 
Se oetesmne cy be aes oh eile 0:33 18-0 7-09 
uries Se 280 18-49 — 0-10 AUS! 74.0 | 5-36 
TB ONG, ok Seat Nee 226 18-23 0-40 Ue 22 30-0 4-72 
Some ee ae ee 500 ; 19-93 0-08 0-10 43-0 3-89 
ey “Soro Re 492 MEATS (0-08 © 0-16 e340 | 3-70. 
Sie a 20 | oo oes (ee 
Ei (eee eh. 470 2 20-28, 0-06 PURGES 78-0 2257) 
LO one 465. | 20-22 = 00 je Petom 90:0. 2-62 
Cee ee oe - 461 | 20-35 | 0-06us|n = i bewrorinedy Seager 
{et eee 435 20-37 0-08 — roel 1420 1-96 
HED cy wil Sy ata 187 19-61 0-10 = 143-75 1-94 
1 Oe ee eee 168 19-80 0-11 — 160-75 1-49 


Cannel Coal. 


mesh sieve; Temperature 30° C. 


‘TABLEGAX XT. 


hil 


Weight of coal, 150 grammes, passing through a 200- 


20°35 


(Winmill) 
Rate of O, at 
flow of . Combust. Hours IN aca be 
No. of sample. | air per Oz CO; gas. from absorbed by 
hour. start. L00Fe coal: 
per hour. 
Cc Per cent. | Per cent. | Per cent. €:¢ 
(Pcie ee 925 17-96 0-14 0-98 1-25 20-34 
PER Re Oy ae 901 19-26 0-06 0-53 4-25 11-88 
a Lee 901 19-78 0-05 27 8-00 ae 
LE ee ee 480 19-76 0-07 0-12 20-75 4-31 
i ae a Sais 19-73 0-06 0-12 25-25 4-35 
Ace ee ae 319 19-16 0-09 0-47 32-50 4-11 
es 299 19-87 0-07 Oto an lnase>s 20s 
re 289 19-87 0-08 0-05 56-75 2-35 
oun 300 20-09 0-05 0-00 72-00 2-02 
sO 295 3007 ne O06 — 94-00 1-69 
118 ie. 274 20-29 | 0:05 Zs 117-50 1.38 
Le ee 276 0-05 ae 142-75 1-26 


92 


TABPERXXIT 


Jacks. Weight of dust, 150 grammes, passing through a 200-mesh 
sieve; Temperature, 30° C. 


(Winmili) 
Rate of Oz at 
flow of Combust. Hours IN vik Sane 
No. of sample. air per Or COr gas. from absorbed by 
hour. start. 100 g. coal 
per hour. 
eC. Per cent. | Per cent. | Per cent. gta, | Cc 
apes oe 487 ee | Oni 2-15 2-00 18-44 
pier an hr eon, (cent 8G 18-02 0-07 0-90 5-50 10-52 
3 gett cm 474 18-97 0-05 0-48 9-75 7-16 
ENE) er 470 19-32 0-05 0-29 1ea75 5-88 
Ce eek ene 470 19-56 0-06 0-25 18-00 4-67 
Poe eat ee 474 19-80 0-07 0-23 24-00 4-14 
(i eae 355 19-63 0-06 0-20 30-00 3-61 
cp. Se, eee 500 20513 0-03 0-18 43-00 3-04 
nome a ee 20:24 | 0-04 0-14 53.002.) laeanaa 
FO tent naan 480 20-42 | 0-05 0-10 66-00 1-90 
Tite 475 20-49 | 0-05 0-01 | 78-00 1-63 
Lea een ee 473 20:46 | 0-05 0-00 90-00 1.75 
13 eee Cee a ane | 0-06 = 101-00 (<740nm 
[1 eas ed ees 706 20-67 | 0-04 = 114-00 1-47 
15 Meng ge hae 212 20-06 0-05 a 143-75 1-45 
16ceet ate er ee 188 20-27 0-04 x 160-75 | 0-99 
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TABLE XXXIII. 


Shale. Weight of shale, 158 grammes, passing through a 200-mesh 
sieve; Temperature, 30° C. 


(Winmill) 

Rate of Oz at 

| flow of Combust. Hours ING Doe. 

No. of sample.| air per Or CO, gas. from absorbed by 

hour. start. 100 g. coal 

per hour. 
OaE Per cent. | Percent. | Per cent. Ce 
Ee ae en 900 20-03 0-08 0-36 en/ 5 5354. 
DET Oe eee 889 20-39 0-04 0-17 4-50 3-34 
is 526 20-37 0-06 0-05 9-75 | 9-13 
Ls ee eee a ee 204 20-13 0-04 0-00 95-25 | 1-26 
Dee te Saks 194 20-42 0-04 — 48-75 0-76 
Cees ea 181 20-47 0-04 = les 0-64 
en Sipe ees, 166 20-55 0-04 — 96-00 0-50 
Ce noe 8 181 20-61 0-04 — 119-00 0-42 


ABLE x XOXIVe 


Mother-of-Coal. Weight of mother-of-coal, 120 grammes; Temper- 
ature, 30° C. 


(Winmill) 

Rate of Op» at 

flow of Combust. Hours ibed Nereraell B28 

No. of sample. | air per Oz CO» gas. from absorbed by 

hour. start. 100 g. coal 

per hour. 
Ce Per cent. | Percent. | Per cent. G:C: 
Leer 2s ee 511 20-05 0-17 0-56 2-00 3-82 
ES Poy ee ee 506 20-36 0-08 0-18 9-75 2-65 
Saori ie eee 500 20-42 0-09 0-05 E75 2-47 
Ata ie, Ss 500 20-42 0-07 0-10 18-00 2-42 
Sees Ses: 436 20-44 0-09 0-10 30-00 2-16 
La gf sh ee 500 20-55 0-10 0-11 43-00 eal 
OE sce tetas 479 20-65 0-08 0-00 90-00 1-30 
a ASE oe ls 219 20 ros 0-15 — 144-25 1-18 
OD a coe aes ZAG 20-47 0-12 = 160-75 0-96 


94 


TA BEER exXee 


Hard Coal.—Weight 250 grammes; coal dust passing through 10-mesh 


and remaining on 30-mesh. Temperature 30°C. The 
column headed ‘‘R’’ gives the percentage ratio of the 
oxygen absorption for the coarse dust to that for the fine 
dust. The figures for the latter are taken from Table 
XXIX A. 


(Winmill) 
O, at 
Rate of Hours NT. eae 
Rt No. of flow of Oz COz2 Combust. from absorbed by 
sample. air per gas. start. 100 g. coal 
hour. per hour. 
% Ce ame Per cent. | Per cent. Per cent. cc 
— 1 250 ~~ 6-80 0-20 46-50 1-50 | (14) 
Pee oD 909 18-15 0-08 4-72 5-75 8-24 
69 | 5 392 17-19 0-04 4-58 10-50 5-49 
75 | + 380 | 18-40 0-05 1-95 21-50 3-92 
Proteeles 373. | 18-79 | 0-08 Pe ey oe [330 
75 | 6 313 | 19-14 ny 1-10 32-50: — 2-84 
74 | is 22 | 18-51 0-07 0-86 44-25 2-44 
73 8 221 |. 18-74 |. 0-06 0-89 53-25 2 
70 9 207, | - 19-10 0-05 0.54% testo umeteas 
74 10 195 Ss 19-31 0-05 0-37 93-00 1-41 
dee ih 165 19-29 0-06 Coe 118-75 123 
72 re fe 94 18-74 0-07 mien 164-75 0-94 


1Mean value of R, 72 per cent. 


95 


TABLE XXXVI. 


Hard Coal. Weight 200 grammes; coal dust passing through 30-mesh 
and remaining on 60-mesh. Temperature 30° C. 


(Winmill) 
pe Hours | NTS. 
R! | No. of pees Oz CO: Saale from | absorbed 
sample. Bees start. | by 100 g. coal 
per hour. 
a CAC. Per cent. | Per cent. | Per cent. Cc: 
ae 1 250 9-28 0-12 44-00 1-50 
35° Tie 920 1S2h5 0-05 Aon S70 9-46 
ae 3 70 18-54 0-04 0-85 10-50 6-62 
“| ae le anes LE | nee 0-50 | 21-50 4-00 
Pou mes Yo 2 96 yey) ae O27 tes2- 60 eneue3 0) 
82 6 Bel 174 ct 18-56 0-06 0-39 ph 5) 2231 
“Si | Se Sac aye ub 0-39 | 68-50 1-80 
Pais. 8 157 19-30 DE 0G Rn: 24 92-50 1-49 
79° 9 See ale 19-44 0-09 0-14 haar ei alae 
“70 | 10 a 125 19-67 0-08 0-28 165-00 0-90 


1Mean value of R, 80 per cent. 


TABLE XXXVII. 


Hard Coal. (Secondary oxidation!). Weight of coal, 150 grammes, 
passing through a 200-mesh sieve. Temperature 30° C. 
(Winmill) 
Rate of O» at 
No. of sample. sie Op CO; gai fees | Een - 
hour. start. 100 g. coal 
per hour. 
oy Ges Per cent. | Per cent. ies: Cent CC. 
ite ee BOM Gig 536 19-09 0-16 0-40 1-50 7-39 
he hag eek SBN CAE 536 19.53 0-11 0-33 3-00 5-65 
oie eR Re 308 19-25 0-10 0-31 5-50 3-90 
a 5 SB aces eee | | 19-65 0-10 0-29 9-00 2-98 
eS eer be ee 209 19-65 0-07 O32 21-00 1-92 
Ossett a beet 207 19-97 +e 0-06 0-20 32-00 1-50 


1 The coal used in this experiment was a portion of the sample from Table XX XV which had already 


oxidized as coarse dust for 165 hours. 


It was then crushed through 200-mesh and re-treated as shown. 
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TABERA SN Vill: 


Hard Coal. Weight, 121-4 grammes, passing through a 200-mesh 
sieve. Temperature 40° C.! 
(Winmill) 

Rate of O, at 

No. of sample. LOM ee O: CO, Sa S Tae eee a 

hour. start. 100 g. coal 

per hour. 

¥ G:C Per sae Per cent. | Percent. GG; 
i ey OE Sato a fe 1.017. 16-36 in 0-09 1-48 1-00 43-80 
Vee ard colt. oe ar 1,014 17-80 0-08 0-83 2-00 29-93 
ae 1,014 19-02 0-04 0223) wile eetoo 18-85 
1S Raa Fee 990 19-59 0-03 0-12 7-00 13-00 
Dace PRN Gt it: 524 19-12 0-05 0-09 12-00 9-32 
Om 280 18-35 0-05 0-16 20-00 7-07 
(Odea, Sere 260 18-49 0-09 0-18 24-00 6-20 
et ek oreo eee 5s 261 18-56 0-10 0-21 ai 27-50 6-02 
OF aa ee Zon 18-78 0-10 0-17 3229 5-24 
KO ee Gare, 250 18-95 0-05 0-15 36-00 4-82 
AE, «ee: Bonar, Pie 0-17 47-50 moi 
(AE ia ns eer ee 214 19-24 0-08 0-16 54-00 3-50 
1 Se Se or ee 217 19-76 0-10 Orsaby 70-25 3-04 
ult aes | Se ea 204 19-74 0-03 0-10 82-25 2°38 
ee Je Ane tases 209 19-74 0-08 0-09 94-50 2-40 


1 This and tests XX XIX and XL were in parallel to XXIX (A) but at higher temperatures. 


97 


TABUCE SKK Te 


Hard Coal. Weight 150 grammes, passing through a 200-mesh sieve. 
Temperature 50° C. 
(Winmill) 
Rate of O: at 
flow of Combust. Hours Ni Dec, 
No. of sample.] air per Or CO, gas. from absorbed by 
hour. start. 100 g. coal 
per hour. 
Oxe Per cent. | Percent. | Per cent. Cre, 
a oc a: ae 1,260 13-20 0-13 1-91 1-00 Dee 
Doe Mey kee 1,260 15-69 Oat? 0-97 2:00 50-69 
See err Styes:.| 1,260 17-63 Q-12 ie 4-00 31-92 < 
mee peg tT, 779 17-58 Osi 0-27 6°50 20-30 
3 iia De Meese ae 853 18-50 0-09 0-13 10-00 16-15 
Yon Ne et ener 348 tye24 0-14 0-19 19-50 10-89 <4 
3 268 16-59 0-22 0-23 26-00 9-07 x} 
hyd aetnels e 268 17-49 0-15 0-20 32-50 7.90 tp 
eee hme 264 18-27 0-13 0-16 46-50 5:46 
ih Uti A saa Oe le : 392 19-31 0-13 0-21 55-00 4-84 
MN e wer |. ers 187 18-11 0-20 0-25 74-00 4-06 
te ak 181 18-52 0-19 0-10 92-25 3°62 
Tee Peer 173 189800) (0-21 G10) | ioass00) Hoes 
i Se 159 18-93 | 0-19 0-09 | 140-50 | 2-48 


ABIES y 
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Hard Coal. Weight 100 grammes, passing through a 200-mesh sieve; 
Temperature 60° C. 


(Winmill) 


Rate of Oy at 

flow of Combust. Hours Ni lesa 

No. of sample. | air per Oz CO» gas. from absorbed by 

hour. start. 100 g. coal 

per hour. 
Cue * Per cent. | Percent.) Percent: €.6 

i Pale a ger tae 1,744 16-03 0-07. 0-95 1-00 oon7 0a 

i ar ene 1,705 17-63 0-06 0-50 3-00) 060s Oaaa 
3 Ne ue ae 1,700 18-93 0-07 0-23 San 39-98 
Bites: eS x07 18-72 | 0-13 0-07 8.25 8) aoe 
SAAR OA CCS oe 809 19-18 0-08 0-05 13-00 16-88 
eens 302 18-34 0-18 0-10 34-00 9-29 
(fs. 45 on eee ee 302 18-46 0-18 0-08 36-00 8-89 
Pet! ae eae 306 18-96 0-19 0-06 50-00 7-13 

a oe 302 18-97 0-17 0-06 54!00 | 7e0taan 
pee. ae to ios ect 0-05 75-00 5.97 
ithe ee 197 ee ae: 0-04 99-00 5-08 
UPAR okt anid Merrie: 141 18-14 0-30 0-04 123-00 4-65 
TS Sam. be ence 201 19-31 0-27 0-03 148-00 3-79 
LA ele ie oe neem 217 19-65 0-19 0-00 172-00 3-24 
15 Pee Ser eee ae 189 19-96 0-16 — 288-00 2-14 

The general conclusions to be drawn from Winmill’s results are as 

follows :— 


(a) In the coals of the Barnsley seam, very rapid oxidation takes 
place in the first few hours in freshly got coal, and this is followed by a 
much slower absorption which persists for along time. The great similarity 
of results for the different coals is noteworthy. 

The absorption curves, Fig. 22, for the different coals are very close 
together for the most part and show that there is very little difference in 
the rate of oxidation. The amount of oxygen absorbed is roughly pro- 
portional to the content of carbonaceous matter in each case. 

Winmill gives a mathematical analysis of these curves to show that 
each represents with a fair degree of accuracy the sum of two chemical 
reactions obeying definite equations. He states that his tests while not 
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showing that pyrite is not a contributary factor to spontaneous combustion, 
point to the fact that heating can occur in the absence of oxidizable pyrite. 

(b) Certain combustible gases—principally methane—are given off 
by the coal during oxidation, the total quantities per 100 grammes of each 
substance being as follows:— 


Hard icoal a. ccc ln ees eee cee eee dee 
COTE Con Oke cat te A Ee ee re ee eek er OU Oe 
Cannel coals Soo tn, lhe ee oe ee eae oe eee ee ee ees 
Jacks jude os tes ete ee eee cre eer Pos ee L00C.G. 
TC Re Lees atts Pode ye woe en ee eh acai Gee. Abd xe. 
Motheér-of-coake ad hn ete ee ee IC Gn 


These quantities are of course exclusive of those lost during the grind- 
ing, which certainly far exceed those tabulated above as can be seen from 
the tables for coarse dust. (Tables XX XV and XXXVI). 

(c) That a reduction of the oxygen of the intake air appreciably 
reduces the rate of oxidation is shown by Tables XXIX, A and B, but 
the rate is still very considerable, and ‘‘a proposal to stop, at any rate the 
earlier stages of spontaneous combustion by a reduction short of almost 
total removal of the oxygen, would appear to have no basis in fact”. 

(d) From Tables XX XV, XXXVI and XX XVII it is seen that the rate 
of oxidation is not proportional to the size of the particles probably because 
the coal is porous and the oxygen is able to penetrate more or less into the 
interior of each particle; but it is shown that “the total absorption is the same 
whether the dust is ground up very slowly and oxidized at the same time or 
whether it is ground up rapidly and then oxidized.” 

(e) Conclusions are not drawn as to the effect of temperature on the 
rate of oxidation as the experiments have not proceeded far enough to war- 
rant them. A series of curves are given, however, together with four 
tables showing the results obtained for temperatures—30°C, 40°C, S05€ 
and 60°C, Tables XXIX (A) and XXXVIII—XL and the curves Fig. 22. 
These show clearly that the rate of oxidation increases greatly with increase 
of temperature. 

Lamplough’s criticism of the experiments is perhaps worthy of note 
here. He-says:— 


The effect of fineness of dust is apparently inconsiderable when the temperature is 
constant, yet, in practice, with a partial retention of heat the effect would probably be of 
much greater importance. 


He does not believe that the absorption curves can properly be inter- 
preted as due to two chemical actions, as suggested by Winmill, for— 


though many different equations could be constructed to fit a limited curve, they 
could not be assumed true for later periods of the reaction. The fact is that it is quite in- 
correct to attempt to apply velocity equations to such reactions. The laws governing 
the velocities of chemical actions refer only to reactions occurring in a homogeneous solution, 
and any attempt to apply these laws to so heterogeneous an action as the absorption of a 
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gas by so complex a substance as coal dust is fallaceous. This is further shown by the fact, 
that the experiments show that a gradual rise in temperature gradually increases the total 
absorption although this is contrary to the laws governing chemical actions. Moreover 
the rate is not proportional to nor yet independent of the fineness of dust. 


A study of the various tables shows that in all the experiments the rate 
of flow of air has been a variable quantity, being usually of larger velocity 
at the beginning of the experiment than at the end. A variable rate of 
flow would undoubtedly affect the oxygen content of the sample taken, 
and as this is not shown as corrected, it would appear probable that the 
absorption results shown are not the results of constant and similar con- 
ditions in all samples taken during each test. Moreover it has been the 
experience of the author that the rate of flow of gas plays a part in the 
temperature rise of the coal! and therefore very probably also in the ab- 
sorption of oxygen by the coal. In experiments of this kind too much 
care cannot be taken to keep all conditions constant except that one which 
it is desired to study. 

If Winmill had kept the flow of air constant throughout each test it 
is extremely probable that his curves would not show such similarity, 
especially in the later hours of the experiment, and that this should be the 
case seems only right. For example, Winmill says that the amount of 
oxygen absorbed is roughly proportional to the content of carbonaceous 
matter in each substance, and quotes the soft coal with 90% carbonaceous 
matter absorbing 830 c.c. of oxygen, and the Jacks with 75% absorbing 
960 c.c., whereas the curves in Fig. 22, show that after the 70th hour the 
Jacks are absorbing an average of about 2 c.c. per hour, a result that hardly 
seems justifiable if we assume the above statement to be substantially 
COLLect. 


1See page 136 et seq. 
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CHAPTER V. 


OXIDATION AT ELEVATED TEMPERATURES. 


Varrentrapp! is quoted by Langley as having placed a quantity of 
pulverized coal in a closed vessel through which a current of air could be 
drawn. The vessel and air were brought to a temperature of 280°F and 
the air, after passing through the apparatus, was caused to bubble through 
“certain chemical solutions which have the property of retaining and ren- 
dering visible’? carbon dioxide. The solutions showed that carbon dioxide 
was present in the air and it is stated that the combustion was so complete 
even at 280°F that the whole of the carbon in the coal oxidized inside of 
three months. Langley evidently considered the latter part of the state- 
ment exceptional and stated that he had never known of such extreme 
oxidation with American coals; and Richters criticized the first part of the 
experiment on the ground that the carbon dioxide may have been occluded 
in the coal before the experiment was started. 

In the light of our present knowledge of the subject it is scarcely 
necessary to say that Langley’s criticisms are more than justified. No 
ordinary coal oxidizes to the extent stated, and even Langley’s much more 
moderate estimates were over rather than under the truth. The state- 
ments are, however, interesting as showing the opinions of very early ex- 
perimenters.” . 

Richters* work, although done half a century ago, is of interest here, 
and a résumé is therefore given below. His conclusions in brief are that 
the volume of oxygen absorbed by freshly mined coal is to a certain extent 
dependent upon the hygroscopicity of the coal. He also thinks it probable 
that there is a “‘definite relation between the absorption of oxygen and the 
content of disposable hydrogen in coal’’, and he was able to prove that 
oxygen becomes chemically combined with the coal. 

The quotations which follow are taken with few corrections from the 
translation by Wilson and Helms in the Report of the New South Wales 
Commission on Coal Cargoes, pp. 80-2 (1897.) 


“We know that coal always absorbs oxygen quickly at elevated temperatures and slowly 
at ordinary temperatures. The chemical and other changes which the combustible sub- 
stance of coal undergoes under the first condition have already been established by me. 
On the other hand, at ordinary temperatures the absorption of oxygen is, in so far, a matter 
which in no way assists us in understanding the chemical changes which are consequent 
upon it. Whether and how far the carbon or hydrogen is the cause of the oxidizing action 


1 See discussion of Pechin’s paper, T. A. I. M. E. Vol. I, 1872, p. 285. 

2 Porter and Ovitz have recently experimented using 5 grammes of coal (80-100 mesh), in an electrically 
heated tube kept at definite temperatures. They passed a measured volume of dry air over the coal at a 
definite rate. The carbon dioxide evolved from the coal was found to be equal to only one-tenth of the volume 
of oxygen absorbed. (See International Congress of Appl. Chem. Vol. X,1912,p. 265, Fig. p. 253. This matter 
is much more fully dealt with by Porter and Ralston in ‘‘A Study of the Oxidation of Coal’’, Tech. Paper 
No. 65, U. S. Bur. of Mines, Washington, 1914. 

3 Dinglers Poly. Journal. Vol. 195, 1870, pp. 315 and 449. 
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of the oxygen; whether the action of the latter is not essentially confined to the formation 
of carbon dioxide, which is then absorbed by the coal; and whether, further, the absorption 
is a chemical or more or less physical process, are all questions which are of the greatest 
interest for a critical examination of the phenomena of the weathering of coal. + + x 


“T shall offer several observations which appear to me to be of importance for throwing 
light upon the first of the questions propounded above. If we heat coal-dust to a temper- 
ature from 180° to 200° C., the weight at first increases rapidly in a very marked manner; 
carbon dioxide and water are then separated, and oxygen is taken up in greater proportion 
than is required for the oxidation of the carbon and hydrogen. After a certain time the 
oxygen absorption, and with it the alteration in weight, comes to an end. If we continue 
to heat the coal, at first there is a small diminution in weight, but after a while the weight, 
as well as the chemical composition of the coal, becomes constant, or rather, the variations 
which the coal undergoes are so small that in an experiment which was continued for six 
days a good chemical balance was unable to show any further variation. If we examine 
the constitution of coal which has been heated up to the point of maximum absorption of 
oxygen, we find that the oxygen and hydrogen are present approximately in the same pro- 
portions as in water. This interesting behaviour of coal brings to light two important 
phenomena. It shows firstly that the carbon of the coal is endowed with a very variable 
degree of oxidizability, and makes it, in the second place, probable that there is a per- 
fectly definite relation between the absorption of oxygen and the content of disposable 
hydrogen in the coal, since with the vanishing of the latter the oxygen absorption comes to 
anend. The first circumstance agrees with the view which is generally taken by chemists 
that the carbon in coal exists in two different chemical forms. We may say that the coal 
is a mixture of pure carbon with obscure organic compounds containing carbon, hydrogen, 
oxygen and nitrogen. These carbon compounds are sometimes grouped together under 
the name of ‘“‘bitumen’”’. The rapid evolution of carbon dioxide which takes place when the 
coal is first heated may be attributed to the oxidation of the carbon of the bituminous 
constituents, while the relatively much smaller evolution of carbon dioxide which succeeds, 
may be attributed to the oxidation of the more difficultly oxidizable carbon.”’ 


Richters thinks this view may be supported by Saussure’s observations 
of the similar phenomena occurring during the absorption of oxygen by 
wood, charcoal, etc., and by the researches of Liebig on lignite and true 
coal. 


“On the ground of these observations we come to the following conclusions, which 
are of importance for our knowledge of the behaviour of coal in the presence of oxygen:— 

(1) “The peculiarity of coal, when heated to 190°C., in taking up oxygen, depends 
almost entirely on the fact that the coal contains disposable hydrogen. This is oxidized 
in presence of a certain quantity of carbon. On the one hand water is formed, while on 
the other oxygen takes its place directly in the composition of the coal; (2) the carbon of 
coal when exposed to oxygen at a temperature of 190°C, behaves in a totally different 
manner, in that the smaller part—5 to 6 per cent only—of the whole weight combines, 
forming carbon dioxide. The remainder is only slightly or not at all altered by oxygen 
at that temperature.”’ 

“Tt is to be noted that both these conclusions refer exclusively to the oxidation of coal 
at elevated temperatures; since, however, we observed precisely the same relations existing 
during the oxidation of coal at ordinary temperatures, there is very strong evidence that 
the processes of oxidation at both high and low temperatures are essentially similar.”’ 

‘During the heating of coal, as well as at ordinary temperatures, oxygen is absorbed. 
That, in the latter case the absorption of oxygen is related to the disposable hydrogen in 
the same manner as in the first case, is made clear by the behaviour ef wood and its de- 
composition products.’’ 
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“It is also clear that the content of disposable hydrogen is diminished when coal is 
exposed to air in a manner similar to that in which it is diminished when the coal is heated, 

It may be shown with certainty that carbon dioxide is formed at ordinary temperatures 
in the same way as it is formed at higher temperatures, and, in both cases, when the more 
easily oxidized portions of the carbon come to an end, the oxygen absorption reaches its 
maximum. 

The assumption that the more difficultly oxidizable carbon behaves with regard to 
oxygen at low temperatures differently to the way in which it behaves at high temperatures, 
would contradict all experience. 

It cannot be maintained that the absorption of oxygen at ordinary temperatures is 
merely a physical process, still the surface action of the coalis perhaps not to be neglected. 

We must distinguish between the tendency which the coal has to absorb oxygen and 
the intensity with which oxygen is at first actually absorbed. It appears to be not improb- 
able that in the earlier stages the absorption of oxygen is a purely mechanical process, and 
that this precedes the chemical combination. 

The quantity of hygroscopic water which coal actually takes up when exposed to air 
saturated with water vapour at 15°C. was determined for more than 100 samples by heating 
them to 100°C. until the weights became constant. The percentage of hygroscopic water 
_ thus liberated varied from 2 to 7-5, but the power of the coal for condensing hygroscopic 
moisture did not appear to be related to its structure in any determinate manner. The 
condensing of hygroscopic water on the surface of the coal, however, shows very clearly 
the condensing power possessed by coal. If we examine the quantity of oxygen which 
different coals absorb from the air, under similar circumstances, we find that there is a 
very close connection between this quantity and the power of the coal for condensing moist- 
ure. In order, however, to obtain complete and decisive experimental results in this con- 
nection it is necessary that care should be exercised in selecting coal which has been freshly 
obtained, and has not been lying in contact with atmospheric air. 

Fresh coal, after it has been pounded, ground, and sieved, gives an apparently dry 
powder, although this is saturated with moisture. 


* * * * * * 


“The absorption of oxygen by the freshly-prepared coal begins at once and goes on 
rapidly. The volume of the absorbed gases, though not proportional to the surface action 
of the coal as indicated by its hygroscopicity, are, nevertheless, very dependent upon it. 
I intend to make-a further communication in greater detailias to the results of this experi- 
ment, and will, therefore, confine myself in this place to the statement of the quantity of 
oxygen absorbed during the first twenty-four hours by 20 grammes of different samples of 
coal, a quantity which varies between 2 and 9c.c._ I may, however, mention certain 
circumstances which appear to me to strengthen my position in considering that at first 
the absorption of oxygen is chiefly mechanical.’’ 


(The observation on which reliance is placed appears to be that the 
oxygen absorption is at first very much more rapid than is the case later on.) 


Richters then notes that Varrentrapp has shown that when coal is 
exposed at ordinary temperatures to a stream of air, carbon dioxide is 
formed. He suggests that carbon dioxide may have been originally con- 
densed upon the surface of the coal, and that it is gradually removed by 
the stream of air, its place being taken to some extent by oxygen. In 
order to clear up this point certain special experiments were made which 
rendered it probable that the continued absorption of oxygen is not to be 
explained by assuming that it merely takes the place of carbon dioxide 
condensed upon the surface of the coal. 
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“Coal absorbs carbon dioxide with the greatest readiness. The volume of this gas 
which is taken up in a given time is often greater than three times the volume of oxygen 
which could be taken up. Samples of coal whose absorptive power for oxygen has almost 
vanished, so much so that 20 grammes will only take up about 1 cubic centimetre of oxygen, 
will absorb ina few hours at least their own volume of carbon dioxide. If asample of coal 
saturated with carbon dioxide is brought into contact with atmospheric air, we find at first 
an increment of volume as if the carbon dioxide is given off. Soon, however, the volume 
again begins to diminish. If, at the same time, a small bulb containing caustic potash 
is introduced in the absorption tube, or if the sides of the latter are moistened with a solu- 
tion of caustic potash, the absorption of the oxygen goes on very quickly, as does the separa- 
tion of the carbon dioxide which, of course, forms a compound with the caustic potash. 
If we leave samples of coal saturated with carbon dioxide for thirty-six hours under the 
receiver of an air pump exhausted to 2 inches of quicksilver, the greater portion, but not 
all, of the absorbed carbon dioxide is given off. If a sample of coal which has been so 
treated is then saturated with moisture and again put into an absorption tube it begins to 
take up oxygen with the same avidity as when it was freshly prepared, and this whether 
any potash is present or not. If potash is present, however, we soon discover that a certain 
quantity of carbon dioxide has been liberated, which shows that the absorption of oxygen 
is at first accompanied by a separation of carbon dioxide, and that this carbon dioxide will 
again be taken up by the coal in the absence of any other substance capable of absorbing it.” 

“TE coal which has been saturated with carbon dioxide is boiled for half-an-hour in 
water and is then air-dried, so that it remains saturated with hydroscopic moisture, it is 
found to have recovered its original absorptive properties.” 

“Coal which has been exposed for a long time to the air until it has lost its power of 
absorbing oxygen behaves in a completely different manner when the foregoing experi- 
ments are performed upon it. For instance, when exposed under the receiver of an air- 
pump it does not by any means recover its original power of absorption, though this power 
is still partly restored by boiling out with water. Carbon dioxide is either not absorbed 
at all by such coal or in only very small proportions.”’ 

The observations show that the small absorptive power of coal which 
has been lying for a long time in the air does not depend upon a condensation 
of carbon dioxide upon its surface, and other conclusions may also be drawn. 
Amongst these may be mentioned the following :— 

‘We may now explain the experiments of Varrentrapp. The coal which has lost its 
power of absorbing oxygen may, nevertheless, absorb large quantities of carbon dioxide, 
and, on the other hand, when this coal which contains carbon dioxide begins to take up 
oxygen the process is accompanied by a separation of carbon dioxide. Now, this process 
is not very noticeable when the experiment is carried out in closed tubes, but it becomes 
noticeable when the experiment is performed by Varrentrapp’s methods.”’ 

In considering the influence of heat on the process of oxidation, 

I have formerly shown that a tise of temperature is the most important determining 
circumstance of the process of oxidation. It is not, however, necessary to use a temperature 
which lies far above 100°C., though the higher the temperature the greater the acceleration 
of the process. In pursuance of these experiments I heated coal for fourteen days on the 
water bath at from 70° to 80° C. The first sample of coal increased in weight during this 
process by 1-01 per cent, the second sample by 0-2 per cent, and the third by 0:35 per cent. 
(The constitution of these three samples of coal before and after fourteen days heating is 
given by three tables of analyses accompanying Richters' paper). In all cases there was a 
diminution in the carbon and hydrogen content and an increase in the oxygen content, 
exactly as in ordinary weathering. The coking power of sample (1) was diminished from 
1-4 to 1-1; of sample (2) from 2 to 1-6; sample (3) was a so-called “sandkohle’”’ which does 
not give coke. The quantity of the coke did not appreciably change, and the specific 
gravity certainly did not. The heating power of sample (1) fell by 2-62 per cent; of sample 
(2) by 3-61 per cent; and of sample (3) by 3 per cent. * + * * * %* *# & 
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“Samples of coal employed in these researches had remained for a long time in loosely 
stoppered bottles, so that the absorption of oxygen at ordinary temperatures only took 
place very slowly. Asacontrol, check analyses of the unheated coals were made after they 
had suffered fourteen days longer exposure. The fact that during this time the composition 
of the samples did not undergo any variation, shows clearly that the increase in oxygen 
and loss in carbon and hydrogen is really to be attributed to the higher temperatures to 
which the coals were exposed.” 


“There appears to be a certain contradiction between the observation that oxidation 
goes on more rapidly at upper temperatures, and our thesis that oxidation follows a prelimi- 
nary surface condensation of oxygen. This apparent contradiction is, in my opinion, 
easily cleared up if we distinguish clearly between oxidation and mere absorption. The 
first goes on more rapidly at elevated temperatures, the latter at lower temperatures. If 
the coal has been saturated with oxygen at lower temperatures, the condensed gas combines 
only gradually with the substance of the coal, and only in proportion as the latter process 
advances can new quantities of gas be taken up. When, however, coal which is saturated 
with oxygen is heated, a portion of the gas is evaporated; but the greater part enters into 
chemical combination, and does so more rapidly as the temperature is higher. The sur- 
face action, however, neither undergoes any appreciable change, nor produces any result at 
all comparable with the chemical action.” 


In studying the influence of moisture on the absorption and on the oxi- 
dation of coal, 


“The greater number of technicologists are of opinion that moisture has an important 
aiding action in the weathering of coal. (Thompson’s researches are mentioned in con- 
nexion with this point). That moisture may, under certain circumstances, aid the oxi- 
dation of coal is not to be denied; but the action of moisture is very complicated, and is 
influenced by various circumstances, and is not so generally prejudicial as Thompson’s 
observations would lead us to imagine. I will communicate the result of a few experi- 
ments made upon this subject.” 

“If we take two tubes, and into one of them introduce air-dried and into the other 
moist coal, both being freshly won, the first absorbs oxygen much more rapidly than the 
second. If, in addition, small bulbs containing fused chloride of calcium are introduced 
alongside of the dry sample of coal so that the coal gets gradually drier, the intensity of the 
absorption of oxygen becomes greater. The same is the case if the coal has been dried for 
a day over sulphuric acid, although during this process a very considerable quantity of 
oxygen must certainly have been taken up.” 

“Tf instead of fresh coal we take two samples of coal with different surface properties, 
both of which have been exposed to the air for a long time and which have lost their power 
of absorption to a great extent, and expose them to the drying action of sulphuric acid, 
both of them recover to some extent their absorptive power. That coal with the greater 
surface action recovers most completely.”’ 

“If we dry coal at 100°C., and cool it in a desiccator and place it in an absorption 
tube, it is found to absorb gas with extraordinary rapidity. This gas consists in part of 
nitrogen (from 12 to 21 per cent., from the mean of many experiments). Coal which has 
been dried at ordinary temperatures also takes up nitrogen, but in smaller percentages, 
at the same time as it absorbs oxygen.”’ 

“All these experiments indicate only a relative increment of the power of absorption 
by the removal of moisture, and establish in so far the view which has been taken in the 
former work as to the nature of surface action. They also show that a dry coal will take 
up a larger volume of gases than one which is merely air dried, before the absorptive power 
of the two samples sinks to the same level.”’ 

These researches, however, still leave unanswered the question as to how far the 
moisture is disadvantageous for the chemical action of the oxygen upon the coal. I had 
hoped to be able to give a definite answer to this question, but I have not succeeded in coming 
fea spositive decision wavs a. 4° 4) ae hx 
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“These observations would seem to support the assumption that water assists the pro- 
cess of oxidation; but on repeating the experiment several times—that is, first wetting 
and then drying the coal by means of chloride of calcium—we finally reach a state at which 
no further increment of absorptive power is to be observed.” 

‘We may, however, approach the question by 1 inquiring whether the action of water 
on the decomposition of coal is not to be attributed to the consequences of secondary action. 
Many coals contain pyrites which is only oxidizable in the presence of moisture. This 
process is undoubtedly of importance, even if it is regarded only as indirectly introducing 
active material for the oxidation of the coal.”’ 


The well-known action of pyrites in breaking up the coal and exposing 
fresh surfaces is then described. The question as to whether ferrous oxide 
can act as a carrier of oxygen to the coal is discussed, and it is considered 
that the small quantity of this substance which is present can only account 
for a very small part of the action. 


General average results 
from all the coals tested, in dust 


Time of exposure (hours) 


12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 40 


(Redrawn from Favyol.) 


ices: 


Fayol! took samples of a large number of coals, varying from an- 
thracites to lignites, and heated them in loosely covered porcelain crucibles 
in ovens maintained at temperatures ranging from 25° to 430°C. Air was 
slowly passed through the ovens and the crucibles were weighed from time 
to time to determine the variations in weight. Twenty gramme samples 
were taken and for each coal four similar crucibles were used—two contained 
powdered coal and two lump. Each time the crucibles were weighed the 
coal was stirred with an iron spatula to allow penetration of air. The 
results obtained were plotted by Fayol in a series of very interesting curves 


1 Etudes sur l’altération de la houille exposeé a lair, 1879. 
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which are too numerous for reproduction here. His two final summary 
curves, giving the mean results for all of the samples tested, are reproduced 
in Figs. 23, and 24. (See also pages 26 and 52-3.) 

Parr and Kressmann! draw attention to the rapidity of oxidation of 
certain hydrocarbon compounds at temperatures in excess of 120°C. and to 
the extremely exothermic nature of this reaction when once started; they 
point out the danger of any influence existing near coal which may tend 
to increase the velocity of this reaction which is almost negligible at ordinary 
temperatures. 


General average results 
from all the coals tested, in dust 


Time of exposure (days) 


5 Ww {8 20 25 3035 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 5 120 125 130 135 140 45150 200 Z46 
Variations in weight 
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(Redrawn from Favyol.) 


The following are among the conclusions arrived at by Parr and Kress- 
mann! after making a number of experiments on spontaneous combustion 
Siecoa |: 


1. “A number of oxidation processes are involved, which are more or less distinct in 
character, some being relatively slow and moderate in form, while others are rapid and 
vigorous in their action.” 

2. “In general it may be said that for a given coal a point exists, as indicated by the 
temperature, below which oxidation is not ultimately destructive. The continuance’ of 
this point is dependent upon certain accessory conditions; if these conditions are withdrawn, 
the oxidation ceases. On the other hand above this critical point, which is best indicated 
by temperature, oxidation is ultimately destructive and is characterized by the fact that it 
does not depend for its continuance upon external conditions, but is self-propelling or auto- 
genous.” 

3. “The point of autogenous oxidation, while varying for different conditions may be 
indicated by temperatures of the mass ranging from 140° to 160°C in an atmosphere of 


1 Univ. of Illinois, Eng. Expt. Station. Bulletin No. 46, 1910. 
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oxygen or approximately between 200° to 275°C in oxygen diluted with nitrogen, as in 
air, depending to a great extent upon the fineness of division. The phenomenon of fire 
or actual kindling does not occur until a much higher temperature is reached, usually be- 
Saeretel eto be Guy 


4. “The temperature at which autogenous oxidation begins is the sum of numerous 
temperature components, each one of which either because of its own contribution to the 
total heat quantity or because of its function as a stimulus for chemical activities, must 
be looked upon as a dangerous factor, tending directly to the ultimate result of active 
combustion throughout the mass.” 


An enumeration of the more important factors in oxidation is then 
given together with a short discussion of each. These are, in brief:— 


a. External sources of heat.—Oxidation, especially of the lower form is greatly ac- 
celerated by, and in some cases dependent upon, externa] or physical sources of heat such 
as climatic or seasonal temperature, the heat of the sun, etc., contact with steam pipes, 
and heat of impact or pressure due to depth of piling or method of loading or unloading. 


b. Fineness of division.—Coal in a state of fine division exposes a relatively very large 
surface area to oxidation. It especially facilitates the initial form of oxidation described 
Minder sce 

c. Easily oxidizable compounds.—A first or initial stage of oxidation exists in bitu- 
minous coals which does not result in the formation of carbon dioxide. There are present 
in coals of this type, unsaturated compounds, which have a marked avidity for oxygen at 
ordinary temperatures, the products being humic acid or other fixed constitutents of the 
coal texture. 

dande. Pyrites and moisture.—These have already been dealt with. The oxidation 
of pyrite may be considered the second stage in the oxidation of coal. 

f. The oxidation of Carbon and Hydrogen.—A third stage of oxidation of the car- 
bonaceous material exists by reason of the tendency of certain of the hydrocarbon compounds 
of coal to oxidize with the formation of carbon dioxide and water at temperatures in excess 
of 120° to 140°. This oxidation does not take place appreciably at ordinary temperatures. 
It is, however, a dangerous stage in the process of oxidation as the large amount of heat 
given out may quickly raise the temperature of the massto the critical temperature. Any 
initial process which results in raising the initial temperature 50°C above the ordinary 
temperature would, in all probability, have enough material of the sort involved in such 
action to continue the action until the temperature had been raised another 50° and then 
this third type of oxidation would begin. 

g. The fourth stage of oxidation may be indicated as occurring at temperatures 
above 200° to 275° and differs from the previous stages in that it is autogenous. Activity 
in this stage is further accelerated by the beginning of exothermic decomposition of the 
coal itself. Ignition begins at a still higher temperature, usually above 300° to 400°C. 


Haldane and Meachem! are of the opinion that the carbon dioxide 
evolved when coal is oxidized is not due to the combination of oxygen 
with the carbon of the coal, but that it is due to decomposition of 
carbonates by means of sulphuric acid formed by oxidation of the 
pyrite. 

The chemical reactions which take place when pyrite is oxidized are :—- 


4 FeS, +- 150. + 8H.O = 2Fe.O3 + 8H.SO, 
and 8H. SO, + 8CaCOsz = 8CO, -|- 8CaSQ, + 8H.O 


LTeslag\ a eV Ole Oe SOS ssp emore 
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“It will be seen that for every 15 volumes of oxygen which disappear in this reaction 
8 volumes of carbonic acid are liberated. It will be found on calculation that in air passing 
over such material, the ratio of diminution in oxygen and increase in carbonic acid will be 
1:-74. This corresponds very closely to the average ratio observed in the air from old 
workings by Messrs. Haldane and Atkinson, and in the return air from most pits.”’ 


The reasons given to support this theory are numerous. Among them 
are the fact that some pyrites in coal does oxidize when exposed to air, 
the fact that sulphuric acid is thus formed and that this sulphuric acid will 
attack any carbonates with which it comes in contact, and the fact that 
the proportion of carbon dioxide thus formed is about sufficient to account 
for what is actually found to be liberated. This theory also explains how 
there can be absorption of oxygen without evolution of carbon dioxide. 
Against this theory, however, we have a great mass of recent observation 
and opinion as already set forth on pages 31 to 43. 


A recent paper by Lamplough and Hill! on the slow combustion of coal 
dust describes some ingenious experimental work which was well carried out. 
Their experiments and results, in so far as they bear on the matter under 
discussion, may be summarized as follows. 


The evolution of heat and the absorption of oxygen were measured 
by placing a weighed quantity of coal? in a pint Dewar vessel (vacuum 
flask) filled with oxygen and fitted with a sensitive electric thermometer 
consisting of a four junction copper constantan thermopile inserted in the 
coal. The flask was connected with an oxygen reservoir of about double 
its capacity, and provision was made for automatically registering the gas 
pressure continuously throughout the experiment, so that the quantity of 
oxygen absorbed from time to time could be calculated. The whole ab- 
sorption system was enclosed in a water thermostat which could be kept 
approximately constant at any desired temperature, and provision was also 
made to replenish the supply of oxygen from time to time from an external 
source, the quantity added being calculated from the changes in pressure, 
eLG: 

The gases in the apparatus were measured and analysed at the begin- 
ning and end of each experiment to determine the amount of carbon dioxide 
produced and methane envolved. 


Lamplough and Hill experimented with ten samples all told, six of 
_ them being from different parts of the Barnsley seam and one from the 
“Bullhurst” seam; the eighth coal was an anthracite. The additional 
samples were: a Barnsley top soft carrying 43% of pyrites and a sample 
of pure lump pyrites collected from the rubbish in a coal yard. The results 
of their experiments, which were conducted at 45°, are summarized in the 
following tables and conclusions copied from their paper. 


1 Trans, Inst. Min. Engrs. Vol. 45, 1913, pp. 629-657. ; 

* The coal was ground to pass through a 30 mesh sieve ‘‘and 300 grammes were used in most of the experi- 
ments.’’ In the earlier experiments so much marsh gas was given off that very little oxygen could enter, 
and thereafter the coal previous to its introduction into the apparatus, was heated in a florence flask in vacuo 
to 47° fora day. The gas evolved was measured and allowed for by analysis. 
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PABEESS EL: 


Summary of Results 
(Lamplough and Hill) 


(1) (29) x3) (4) (5) (6) 
Oxygen Calories 
absorbed}. Heat evolved per 
Description of coal. Ash: )|-Ironsiec.e* dry sat 7 evolved" cubic centi- 
% Ws Romnalesl: metre of 
cela Calories. oxygen 
absorbed. 
Top softs, containing 43 per cent 
CGiepVtll esta aay he eee 40 | 20-2 S24 1,158 3-6 
PNTIUHTACILGsa.. oe ty fa eee ee ee — 12 495 3°6 
BD. CO lt cet acraa ce eee eee Led EOE 459 ih pales) 2-8 
STi MUtSt eater eres ete der 60 234 3-8 
Flare coal NO gle ea ere sere O2 OneO st 195 705 3-6 
Top softs:— 
Binst;patt yon Gaus ea 2°8 0-8 534 1,684 Sead 
Second <patt. tee see eee — a 1,041 3,089 3-0 
Hardtcoal ING22) eo acre geen, + aces Oates Oren ile 0) 3,196 2-9 
Slacker unstit ox tier eee ree Le 5c2 1-4 al 115 ayn 
lrompepy tives 1. ot.cOal sare oe: aa a 240 800 33 


1 The paper states that the amount of coal used in ‘‘most of’’ the experiments was 300 grammes, and it 
is probable that the figures in these two columns refer to this quantity in all cases, but unfortunately the paper 
is not specific on this point. It is unfortunate also that the several experiments were not of equal length 
although the time averaged about 12 hours. 

2 The word ‘“‘pyrites has been used throughout to designate the sulphide FeSe, without prejudice as to its 
nature. From its crystalline form it was evident that some of the material used in the last experiment was 
pyrites and not marcasite.”’ : : 


TABEE XETE 


Summary of Results 
(Lamplough and Hill) 


(1) (2) (3) (4) (S) (6) i) 
Carbon 
dioxide 
Carbon evolved Initial Final Final 
Description of Oxygen dioxide per 100 rate of rate of temper- 
coal. absorbed. | evolved. |cubic centi-| absorption | absorption ature. 
metres of per per 
oxygen hour. hour. 
absorbed. 
ec eC (oren exs, Cc a Ox, 
Top softs, contain- 

ing 43% of py- 

LILeS sas Ponts oe : pall 118-0 37-0 54-0 55-0 512 
An EnraAcitemwe ares 132 0-0 0-0 59-0 32-0 49-4 
bL-OpT COAL saws outs 459 “4 1-8 46-0 46-0 52-7 
Bulliurst se. eee 60 0-4 0-6 i oy fon: 47-2 
Hard icoalsNom lee 195 21 1-3 18-6 22-0 50-0 
Top softs:— 

irstlpart. sea 534 3-6 0-7 186-0 — — 

Second part..... 1,041 20-8 2-0 — 189-0 66-4 
Hardicoal No.92 2" ibs al Kw) 12-1 1-0 90-0 78-0 62-5 
Slaten ene eee SH 0-02 0-06 14-0 137 46-0 
“Tron pyrites‘ 

froinecoal 7, en. 240 102-0 43-0 475-0 — — 
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“General conclusions: —(1) The heat which was evclved when coal-dust was heated 
in an atmosphere rich in oxygen was nearly proportional to the volume of oxygen absorbed, 
the mean value being 3-3 calories of heat produced during the oxidation brought about 
by the absorption of 1 cubic centimetre of oxygen. 

(2) The production of heat may be attributed to two chemical changes, namely, the 
oxidation of iron pyrites and the oxidation of carbonaceous matter. 

(3) The oxidation of carbonaceous matter in coals practically free from iron was not 
so rapid as in those containing much iron, but continued for a long time, comparatively 
little carbon dioxide being evolved, so that eventually there was considerable evolution 
of heat even in the absence of ventilation. 

(4) The oxidation of iron pyrites picked from coal was at first very rapid, but soon 
almost ceased, because the flask became choked with carbon dioxide, which prevented 
further admission of oxygen. With conditions under which there is diffusion of air through 
the coal-dust, and when a considerable amount of iron pyrites is present, the oxidation of 
this mineral would possibly be the predominant factor in the spontaneous heating of such 
coal-dust. 

(S) Oxidation of coal-dust takes place in contact with gas containing much less than 
the normal proportion of oxygen present in air. 

(6) The oxidation of carbonaceous matter and the total changes occurring in pyrites 
during the absorption of a given volume of oxygen produce about the same amount of heat, 
so that the rate at which heat is given off in the oxidation of coal-dust due to either process 
may with surprising nearness be determined by the volume of oxygen absorbed.”’ 


Lamplough and Hill’s experiments are very interesting and their obser- 
vations regarding pyrite (marcasite) are no doubt largely justified-in the 
case of coals carrying considerable quantities of very finely divided pyritic 
material; but their conclusions go very far in view of the amount of work 
done and it would seem reasonable to offer the following criticisms. 


Referring to the experiment with pyrites they say: “It was seen from 
the pressure curve that the greater part of the carbon dioxide was evolved 
after most of the oxygen absorption had taken place. It may be concluded 
from this that the carbon dioxide is produced as a result of a reaction 
brought about by the products of the oxidation of the pyrites.”’ The above 
pyritic material was possibly free from carbonaceous Ia bcer es bit = 11l- 
fortunately an analysis is not given either for carbonate or coaly matter 
and no microscopic examination was made. The large evolution of carbon 
dioxide from this material in the short period over which the experiment 
lasted might indicate long previous exposure or the presence of a considerable 
amount of carbonate. It may be also noted that the amount of carbon 
dioxide evolved from the various coals appears from the table to have 
no relation whatever to pyritic content. 

Considering the experiments with ‘Top softs containing pyrites’’ and 
Top coal; if pyrites in coal has such a large effect in the generation of heat 
spontaneously how is it these two experiments are so similar: the one coal 
containing 43% and the other 0-2% pyrites. Both, however, contain 
similar carbonaceous matter differing only in proportion. 

Reference to column 6, Table XLI would seem to justify Dr. Harger’s 
remarks in discussion of the paper to the effect that it is inconceivable that 
“Yop softs” and anthracite should give the same value of 3-6 cals. per c.c. 
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of oxygen absorbed, when the one evolves so much carbon dioxide and the 
other none at all. Harger further finds no evidence in the paper justifying 
conclusions Nos. 2 and 4. 

Had the experiments been longer and all of equal duration much 
more useful. information might have been obtained, as some of the coals 
would probably have eventually commenced to split off oxygen again 
as carbon. dioxide. 

In the cases where the experiment was stopped owing to accumulation 
of carbon dioxide, the suspension of a small vessel containing some carbon 
dioxide absorbent in the container with the coal might have been tried; 
this would perhaps have permitted longer experiments. 

The chief weakness which appears in the method is this accumulation 
of carbon dioxide and methane in the vessel with the coai and the consequent 
lowering of the partial pressure of oxygen. The coal is therefore subjected 
to an atmosphere of rapidly changing composition. This difficulty was 
avoided in the method employed at McGill University, in October 1912, 
the coal being subjected to the influence of an atmosphere of constant 
composition and the products of combustion being continuously replaced 
by fresh gas, while the quantities of carbon dioxide and water vapour and 
hydrocarbons in the gas discharged were determined immediately after 
leaving the coal. Experiments may thus be continued for a considerable 
time so that any products indicating oxidation of pyrites or loss of carbon 
and hydrogen may be more easily detectable by analysis. 

A final criticism is that no figures are given which make it possible to 
estimate the effect of errors in sampling in the several experiments. We 
have already seen that such errors usually exist and that their correction 
often increases the intelligibility of the results. 

Winmill has just published! the results of some experiments on Barns- 
ley “hard’’ coal at temperatures of 30°, 40°, 50° and 60°C. showing a very 
great increase in the rate of oxidation as the temperature rises. A de-. 
scription of these results and a series of tables will be found on pages 86- 
101 at the end of an abstract of his work, the main part of which was on 
the same coal at ordinary temperatures. 


PORTER, BILLINGTON, AND CAMERON EXPERIMENTS. 


Porter, Billington, and Cameron carried on a series of tests on the 
behaviour of coal in an atmosphere of oxygen at elevated temperatures 
at McGill University from 1912-14. Their work will now be set forth in 
considerable detail as it has not heretofore been published. 

The investigation was undertaken by Dr. Porter as a supplement to 
his economic study of the coals of Canada, and in its initiation he had the 
advice and assistance of Mr. Edgar Stansfield, Chief Chemist to the Fuel 
Testing Division of the Mines Branch of the Department of Mines, Ottawa, 
who has been his chief chemist on the original research. The laboratory 


1See page 86 ante. 
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work which was conducted in the Mining Department of McGill Uni- 
versity, was done at first by Mr. E. E. Billington, and later by Mr. A. E. 
Cameron, successively holders of Douglas Research Fellowships in Mining. 
The following report is largely made up from the notes of these gentle- 
men. 


DESCRIPTION OF APPARATUS AND ITS USE. 
The research as outlined in advance was as follows :-— 


1. That each sample of coal be taken at the mine face, and be her- 
metically sealed at once under mine water in a bottle. 


2. That this coal be crushed immediately before use, every precaution 
being taken to prevent the access of air. 


3. That a portion of the wet sample so obtained, be placed in a suitable 
container through which gases, either dry or moist, at a constant 
temperature, could be passed. 


4. That the container be of such a nature as to prevent radiation of 
heat to or from the coal and gas during the experiment. 


5. That the coal be thus first brought to a constant physical condition ° 
by passage of a quantity of a neutral gas through it; i.e., the moisture 
in the coal should arrive at a state of equilibrium with the moisture 
—if any—of the entering gas; also any methane or other hydro- 
carbon physically emitted by the coal at that temperature should 
be removed, or the velocity of such emission be determined. 


6. That the entering gas should first be passed through a suitable 
gas-washing apparatus to insure its purity. 

7. That when the coal and the entering neutral gas reached a con- 
dition of equilibrium, the entering gas should be changed to oxygen, 
which had been previously suitably purified. 


8. That any rise in temperature in the coal or its atmosphere of oxygen 
should be noted by two thermometers placed, the one in the gas inlet 
of the container, and the other in the gas outlet of the same. 


9. That further, any substances emitted by the coal due to chemical 
action with the oxygen, should be collected by a suitable absorption 
apparatus. 


Diagrams of the apparatus are shown in Hives Zo, 2 WA eande29> = “The 
original plan called for suction as the means of inducing a current of gas; 
this meant that when in use the container was under a considerable re- 
duction in pressure, and in practice it proved difficult to prevent leakage of 
air into the apparatus. It was, therefore, decided to prepare in advance a 
large quantity of the gas required under pressure, and the apparatus was 
thereafter so run that the purifying train was under a slight pressure, the 
absorption under a slight vacuum, and the container as nearly as possible at 
atmospheric pressure. 
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The Gases, Purifying Train, and the Oxidation Apparatus and Accessories. 


The Gases were at first produced by chemical methods, and after some 
experimenting both oxygen and nitrogen of good quality were produced 
satisfactorily, but it was later found possible to buy both gases of a high 
degree of purity under high compression (120 Atm). The oxygen contained 
but 0-2% of impurity chiefly nitrogen, and the nitrogen only about 0:5% 
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Fic. 25. Diagram of original apparatus. 


(Porter and Billington.) 


of impurity, which could easily be removed as it was chiefly carbonic acid 
and oxygen. All waste of time in preparing oxygen and nitrogen was thus 
done away with, and a supply of gas of constant composition assured. 

The Purifying Train as used underwent but very few alterations 
throughout the whole series of experiments, the only important change 
being the substitution of a large U tube containing stick phosphorus (No. 1, 
Fig. 29), as more satisfactory than the bottle containing pyrogallol solu- 
tion (A, Fig. 25) in the nitrogen train: this U tube being kept in a dark 
container to prevent formation of red phosphorus. 
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4 Wile 


The Thermostat consisted of a tin-lined copper vessel, 86. X13 eel oe, 
fitted with a tinned lid. For the arrangement of apparatus in the ther- 
mostat, see Fig. 26. 


THERMOMETERS 


5 WAY COCK 


IMMERSED 
TO LINE IN 
THERMOSTAT 


KOH AND KOH. H,SQ,. 
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4 oh tt, 


GEISSLER AND H,SO, 


} 3 WAY COCK 
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+0 
S s&s —=— WATER 


C 


He. ay let | DN a Tear ee iets te : 
RESERVOIR 


WATER IN 


HEATER 
3'S.AMPS 


(Porter and Billington.) 
Fic. 27. A—-General diagram of apparatus. 
B—Stirrer. 
C—Thermo regulator diagram. 


The thermostat contained water up to a convenient level, and was 
fitted with a water gauge, so that loss by evaporation might be detected 
before injury to the heater occurred. The temperature was controlled by 
means of a toluol mercury regulator, operating a 110 volt, 3-5 amp. water- 
heater by means of arelay. (Fig. 27C). The water was agitated by means 
of a motor driven stirrer. (Fig. 27B). 
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The gas before entering the coal container was led through a 50 ft. 
spiral of § inch diameter tin pipe coiled in the thermostat bath. The 
container stood in a deep Dewar vessel, which in the first season’s experi- 
ments was immersed to within a few inches of its top in the water of the 
thermostat, to minimize change of temperature of the gas, between the place 
where the tin pipe left the water and the inlet of the container. 


The thermostat was insulated by being completely enclosed in a jacket 
of thick saddle felt; and stood upon a number of corks in a large box, 32” 
x 15" X 17”, having walls 1” thick. The space between the felt and the walls 
and bottom of the box was filled with dry sawdust. The lid was fitted with 
a wooden box 6” X 6” X 6”, having a hole in one end, through which the 
Dewar vessel which exactly fitted was introduced at will. (Fig. 28B). The 
other end of the lid was so hinged as to allow of easy access to the stirrer and 
heating apparatus in case of necessity, without any disturbance of the con- 
tainer and coal. 

The Thermoregulator and Heater originally made by Mr. Billington, 
restricted the fluctuation of bath temperature to a TAN CemOM a) ce. 
After working excellently for two months the glass of this regulator crys- 
tallized and broke in the middle of an experiment; its place was taken by 
another one of similar design (Figs. 26 & 27C), but made with glass tubing of 
rv" outside diameter, and 4” bore, whereas the original tubing had been of 44” 
diameter, and 16” bore. The later experiments were all conducted 
using this regulator, which permitted fluctuation of bath temperature over 
atanve ot.0.6 C: 

It may be worthy of note that the regulators always did better work 
when the stirrer was in operation, as a certain amount of vibration made the 
mercury contact more prompt. 

The spark at make and break between the platinum wire and mercury 
surface was extinguished by means of heavy transformer oil. This oil 
required cleaning out every six hours, as the sparking caused sediment to 
form which interfered with efficient regulation. 


The Stirrer (Figs. 26 & 27B) was made entirely of brass, and was 
operated by a.§ H.P. Crocker and Wheeler motor, belted to a countershaft, 
from which the stirrer was driven by means of a variable speed friction 
drive. 

The Container was changed several times before a satisfactory form 
was devised. The first suggestion was the use of a vacuum vessel fitted 
with an inlet at the bottom, in which the coal might be placed without the 
use of any inner vessel. (Fig. 28A). This very simple arrangement was 
abandoned because it necessitated the use of a submerged connexion be- 
tween the vessel and the end of the tin pipe; it also was found to be too 
cumbersome to allow of accurate weighing of the coal and vessel when 
desired. 

. The form of container finally adopted was that shown in Figs. 26and 28B. 
Into this apparatus the coal was at first placed in a tight-fitting gauze 
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receptacle, 4” long by about 12” diameter made of 60-mesh gauze which 
had been previously gold plated (Fig. 28C). The idea in using the gauze 
was that both gauze and coal might be readily removed for weighing, and 
quickly replaced, no gas connexions having been disturbed. This method 
was given a good trial, but proved troublesome, as in spite of the fact that 
the gauze was a very tight fit in the glass container, too much gas passed 
between the gauze and the wall of the vessel, instead of through the coal. 
When, during this trial, it was required to determine the weight of the gauze 
and coal, they were quickly put. into a special weighing tube in which the 
air could be replaced at will by nitrogen. 


In the later experiments the gold gauze was not used, the coal being 
simply introduced into the container on a bed of glass wool, (Fig. 28B), 
and container, coal and special stoppers were weighed together when 
required. , 

The Dewar vessel was fitted into the box Fig. 26, by means of a piece of 
rubber cloth wedged in with cotton waste, to prevent the admission of too 
much moist air into the container box. The container itself was packed into 
the Dewar vessel with fine cotton wool. See Fig. 28B. 


The Beckmann thermometers, Figs. 26 and 28, were lent yy 1S IEE Ae 
Barnes, F.R.S., Director of the Department of Physics at McGill University; 
they were tapped before reading by an electric buzzer. Readings were 
taken by means of a telescope from a distance of four feet. 


The Absorption Train. 


By reference to Figs. 25, 29, and 34 it can be readily seen that this train 
underwent considerable changes during the preliminary experiments. 
Fig. 25 represents the train as originally designed, Fig. 29 the form used 
for the first series of experiments, and Fig. 34 its 1914 form. The changes 
were mainly substitutions of dry or solid absorbents for the wet ones in 
order to lessen the weight of the train and reduce the head to be overcome 
by suction. 

The reactions which might take place between coal and gas during any 
experiment were assumed to be as follows:— 


When the coal is submitted to the action of dry nitrogen, purely 
physical changes occur :— 


(1) Mechanical drying or evaporation of moisture; 

(2) Evolution of carbon dioxide, if, as is commonly the case, this 
gas was contained in the original coal under pressure; 

(3) Evolution of methane or other hydrocarbons (C,Hoen+2) 
from the coal, these gases almost always existing in the coal 
as it occurs in the seam. 


When oxygen is being passed over the coal, oxidation of some of its 
constituents usually takes place, the substances formed by this chemical 
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action would probably consist of water, carbonic acid and hydrocarbons 
split off from the coaly matter. 


Any water evolved, either physically or through chemical action, 
was absorbed in sulphuric acid and phosphorus pentoxide, 
(tubes Nos. 5 and 6 in Fig. 29). 

Carbon dioxide was absorbed by the Geissler bulb containing 
potassium hydroxide, (tube No. 7 in the diagrams) any 
moisture lost by No. 7 was collected in the guard tube of 
sulphuric acid@ (Noss): 

The silicon combustion tube containing red-hot copper oxide 
was assumed to burn up all hydrocarbons to carbon dioxide 
and water, which products were collected by means of potash 
bulbs and a sulphuric acid tube similar to those described 
above. 


Before weighing each piece of apparatus it was wiped with a clean linen 
cloth, and allowed to stand ten minutes in the balance case. The weights 
were counted as they lay on the pan, and checked by observing the blank 
spaces in the weight-box. 

With the apparatus as described above, Mr. Billington carried out a 
first series of experiments the results of which are clearly shown in the 
appended curves and table. The coal used was a semi-lignite from Kipp, 
Alberta. The sample was taken at the face of the workings by Mr. de 
Hart, and immediately packed in mine water and sealed as were all other 
samples dealt with in bothseries of experiments. In all, four experiments 
were run. Of these the first two were of a preliminary nature, made to 
test the apparatus and gain experience, and are not reported, as no results 
were obtained which justified publishing. 


The curves Figs. 31 and 32 show the results of the third experiment 
which was run in three parts. In this experiment no attempt was made to 
calculate the ratio of evolved substance to the oxygen absorbed, but at- 
tention was paid solely to the temperature rise with oxygen. 


In the fourth experiment a complete test was made over some 72 hours. 
The results of the absorption train calculations are shown in Table XLII, 
p.124. The original Time-Temperature record drawn by Mr. Billington, 
was some twelve feet long and this has been considerably reduced and re- 
produced in Fig. 33. 

The third curve in Fig. 33 has been obtained by plotting the difference 
between the ordinates of the outlet and inlet thermometer curves in order 
to more clearly show the temperature rise in oxygen, so that it may be direct- 
ly comparable with the results obtained by Mr. Cameron in the later experi- 
ments. 

As shown by the last curve, the maximum temperature rise obtained 
with oxygen was of the order of 0-7°C. There was, however, an average 
difference of 0-2° C. between the inlet and outlet thermometers at all times, 
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so that in reality the temperature rise was. of the order of 0-5°C. with 
oxygen and not 0:7°C. as shown. The curve has not been corrected for 
the average difference in temperature throughout the experiment. 

The results obtained by Mr. Billington in the above tests should be 
considered preliminary to a second series of tests made by Mr. Cameron 
in the winter and spring of 1913-14. The results of both series will be 
considered in drawing final conclusions. 


TABLE XULITEC 


Record of Results—Experiment IV. 


(Porter and Billington) 


Coal taken: 20-6335 grammes. Temperature of bath: 60°C. 


Carbon dioxide | Hydrogen in Carbon in 
Time in minutes. Water evolved. evolved. hydrocarbons | hydrocarbons 
evolved. evolved. 
Olean aan tae eee tINOsplere ingapparatis iseitiroven. 

OA Gries teats game ee -0112 -0416? 
11 /o| DE eet soe A420 eee -0075 — -0023 -0000 — -0029 
1860225. ..274::.2.5.)Atmosphere in apparatusechanifeds towoxyeen 
BUELL Sete Mel Wat Pe -0035 -0006 
Re Ret SU eee er oe ee -0060 -0102 — -0021 -0073 
BNG4w Pee ro | -0000 -0050 -0020 0047 
be VA oe. he Peet ee aa -0205 =0223 -0191 -0176 


NotTe,—Apparent gain in weight of coal =0-4858 gramme. 

Apparent gain in weight of coal per gramme of coal =0-0236 

Real gain in weight of coal, including weight of C and H evolved= 
0-7071 gramme. 

CO, evolved weighed 0-0541 and therefore accounts for less than 
zo the O, absorbed. 

The analyses of coal before and after the experiment showed no de- 
tectable difference. 


Before beginning the second tests several changes were made in the 
apparatus to meet difficulties which developed in the earlier work. 


Changes in the Apparatus. 


Fig. 34 shows the general layout of the apparatus as reconstructed. 
A comparison with Fig. 29 will show that the purifying train underwent 
no alteration with the exception of the removal of the long phosphorus 
pentoxide tube (4). This was done to economize space and simplify the 
apparatus, it having been found by analysing the gases that this phosphorus 
pentoxide tube was an altogether unnecessary guard, there being no trace 
of moisture in the gas after it left the last sulphuric acid bottle on its 
way to the thermostat. 
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Considerable change, however, was made in the thermostat, the 
principal one, asshown by comparison of Fig 26 with Fig.35,being the removal 
of the Dewar vessel from its position in the bath to a separate box attached 
to the end of the thermostat. This was done on Billington’s suggestion 
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(Porter and Cameron.) 
Fic. 34 A—General diagram of final apparatus. 
B—Stirrer. 
C—Thermo regulator diagram. 


in order to make the gas connexions more accessible and to minimize any 
chance of moisture from the bath water finding its way into the Dewar 
vessel and thus possibly giving a variable temperature in that vessel. 

When first put into the box the Dewar vessel was wrapped with 1 
inchof felt and the whole packed around with sawdust, but it was,soon found 
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that there was a sufficient difference in temperature between the inside 
and outside of the Dewar vessel to cause appreciable loss in temperature 
in the vessel, and consequently the box was further modified as shown in 
higa = 35: 
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ES The box 6” X 6” X* 18” was made water-tight by lining with heavy 
galvanized sheet iron, and, after the Dewar vessel had been placed in position, 
was filled with a heavy transformer oil. In the bottom of the box, but 


insulated from contact with the lining, was placed a small electric heater 
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Fic. 36. Electric heaters for oil bath and container. 
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which, when connected to the electric current through a variable resistance 
in the form of a bank of lamps, was able to keep the oil bath at any desired 
temperature. This heater is shown in Fig. 36A and consists of a piece of 
asbestos shingle 4” X 4” X #4” upon which is wound 6 feet of “Nichrome”’ 
high resistance ribbon wire. The shingle is cut square on the outside and a 
11” diameter circle cut out of the centre and nicked to receive the wire. 
A ring of small holes was punched 12” from the centre all around and as close 
as possible together and the wire threaded as shown in the diagram. In 
this way the wire is insulated on the outside edge from contact with the iron 
lining of the box. The whole is supported from the bottom by four short 
wooden pegs. Thin glass tubes carry the bare copper wire leads from the 
heater to the top of the box where they are connected to the bank of lamps 
by permanent screw terminals. When in position the heater is so placed 
in the box that a cork placed on the bottom of the Dewar vessel just fits 
into the circle cut out of the centre of the heater. 

A current of 5-0 amperes was used to heat the oil up to the required 
temperature (about 80°C.) and thereafter 2-0 amperes were continually 
applied to make up for radiation losses through the box. The heater 
being placed at the bottom of the box convection currents generated in 
the oil are sufficient to heat the oil uniformly throughout, no mechanical 
stirring being necessary. 

In order to save the large amount of time that would be necessary 
for the gas alone to heat the container to the desired temperature, a second 
small heater, as shown in Fig. 36B, is used to heat up the inside of the Dewar 
vessel. It consists of a flat piece of asbestos board 1” X 3” X 3” around 
which is wound about 2 feet of ‘‘Nichrome’’ wire, the whole being insulated 
by a covering of thin asbestos paper wrapper. The leads, connecting 
the heater to a pair of terminals situated on the outside of the box, are 
made of ordinary flexible insulated lamp cord with solder connexions. to the 
“Nichrome”’ wire. 

This heater was also run through a bank of lamps, and it was found 
after some experiment, that the same bank would do for both. The oil 
bath was first heated up to a little above the desired temperature and the 
connexions then transferred to the second heater. This one heated up 
much quicker and the resistance of the bank of lamps was then arranged 
to keep it at a constant temperature only breaking the connexion occasion- 
ally to heat up the oil bath as it cooled below a certain point. Thus by 
altering the connexions occasionally it was a comparatively easy matter 
to keep both temperatures fairly constant. At the end of about an hour 
it was found that the thermometer in the Dewar vessel would no longer 
fall upon breaking the connexions, but would remain constant because 
by then the walls of the Dewar vessel, the container, and the coal had all 
reached the same temperature, and there being but very little radiation 
this loss was counteracted by the heating effect of the incoming gas. When 
this condition was obtained the connexions were made permanently to 
the heater in the oil bath. 
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A further modification of the Thermostat consisted in the substitution 
of a battery of 3 gravity cells supplying the current necessary to operate 
the relay in the heater circuit of the bath (Figs. 27C and 34C) in place 
of taking current from the 110 volt mains. By this means sparking was 
completely done away with in the glass regulator thus minimizing the 
possibility of delay due to the regulator burning out. 


The Absorption Train. 


The train suffered a few minor changes from Billington’s design, as can 
be seen by Figs. 27A, 29, and 34A. 

In the first Cameron experiment dry absorbents alone were used; CaCl, 
for moisture and soda lime for COs, but it was found that the U tube con- 
taining CaCl, clogged early in the experiment stopping the flow of gas, soa 
vessel of HoSO, (6, Fig. 34 A) was substituted in the later experiments. It 
was also felt that HeSO; made a better dryer for the comparatively large 
amount of water coming over from the coal as the bubbles rising through the 
liquid gave better and surer contact between the gas and the absorbent. 
For the very small quantities of water produced from the burning of the 
hydrocarbons the dry absorbent was found very satisfactory and was used 
throughout the tests. 

As mentioned above the dry absorbents used were CaCl, for moisture 
and soda lime for COQ,. Calcium chloride was substituted for P.O; as 
used by Billington solely because a good supply was found ready at hand 
in the laboratory. Soda lime (7 and 10, Fig. 34 A) was considered a better 
absorbent for the gas than a solution of KOH, and moreover its use elimin- 
ated the necessity of weighing an extra moisture absorbent after each CO, 
absorbent. The upper half of the second arm of the U tubes containing 
soda lime was filled with CaCl. to take care of the moisture developed by 
the reaction of CQ, upon the soda lime. 


Temperature Readings. 


In order to obtain very accurate readings of the temperature differences 
between the incoming gas and the coal, two differential electric resistance 
thermometers specially designed by Dr. H. T. Barnes, and made by Mr. 
N. T. Pye in the Macdonald Physics Building of the University, were used 
in place of the Beckmann thermometers used by Billington. Differences 
of temperature of one five-hundredth of a degree were easily observable 
with these instruments. 

This apparatus consisted essentially of three parts, as shown diagram- 
matically and in detail in Fig. 37. 


1. The two differential thermometers. 
2. A specially constructed Wheatstone’s Bridge. 
3. A Broca galvanometer. 
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The thermometer as shown in Fig. 37B consists of a thin silver tube, 2” 
long, encasing a coil of very fine platinum wire of 38-50 ohms resistance 
wound about a mica centre. The thermometer is connected to a glass 
tube 8” long and 3%" diameter. The leads, consisting of fine silk in- 
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Fic. 37. Details of electric thermometers. 


sulated copper wire are further insulated from contact with each other in 
the glass tube by being carried in #2” glass tubing to the terminals at the 
top of the thermometer. Each thermometer also has in it a pair of com- 
pensator leads connected to separate terminals at the top so that the two 
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instruments may be used either together as differential thermometers or 
separately for measuring actual temperatures. In the experiments they 
were always used differentially and, therefore, the compensators were not 
needed. A diagram of the thermometer connexions is shown in Fig. 37A. 

The Wheatstone’s Bridge is shown in detail in Fig.37C. It consists of a 
wooden box 3" 3" 24” having a solid marble top. The two equal arms 
of the bridge of 25 ohms resistance each are placed inside the box and all 
connexions are led to terminals on the marble top. The wire itself is of 
such size that a temperature difference of 1°C between the thermometers is 
equivalent to a movement of the sliding galvanometer connexion of 60 mm. 
and the wire being 600 millimetres long a possible temperature difference 
of 5°C on either side of the zero reading is shown directly upon the scale. 
A further resistance box made of the same wire as the Bridge wire may be 
inserted in series with one of the thermometers, and is so arranged as to 
give readings of anything from one to ten degrees, so that with the apparatus 
it is possible to read with great accuracy any temperature difference be- 
tween the two thermometers up to 15°C. 

The galvanometer used was of the standard Broca type, obtained, 
equipped complete with Nernst lamp and scale, from the Cambridge 
Scientific Instrument Company. 

As mentioned above, the Bridge was designed to have a movement of 
60 mm. for every degree of temperature difference, but before starting the 
experiments, calibration tests were made by taking a series of readings 
with the thermometers in baths of different temperature, using standard 
mercury thermometers, reading to one-tenth of a degree. All readings 
were made simultaneously and upon calculation it was found that the 
average movement was 60-15 mm. per degree, which is well within the 
limit of accuracy of reading the mercury thermometers. 


The Coals used. 


In order that close comparison might be made with Lamplough and 
Hill’s work it was decided that at least one of the coals used should be as 
nearly as possible the same as some that they experimented on, and there- 
fore samples were obtained, through the kindness of Mr. George Blake 
Walker and Sir William Garforth, from various collieries in England working 
the Barnsley seam. These coals were used for five experiments Nos. V to IX. 
It was also thought advisable to experiment with some Canadian coal 
especially liable to spontaneous combustion, and for this purpose the sample 
used in experiments X and XI was obtained through the kindness of Mr. 
Cadwallader Evans, from the Acadia Coal Company workings on the Cage 
Pit seam at Stellarton, Nova Scotia. 

Directly after reaching the laboratory the samples, which were sent 
from the mines in sealed vessels filled with mine water, were crushed under 
mine water to about 10—30-mesh and hermetically sealed in glass bottles, 
stored under water. 
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The Experiments. 


Before starting the experiments it was decided that some means 
should be had of determining the approximate rate of flow of the gas through 
the apparatus, and for this purpose Dr. Porter designed the apparatus 
shown in Fig. 38A. 
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It was inserted at the end of the absorption train between the last 


H.SO, bottle and the suction (Fig. 34A), and consisted of a graduated bottle 
(A) connected by means of a syphon to an ordinary Winchester (B), which 
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in turn was connected by a T-piece to the suction. A by-pass (I) was 
inserted so that the gas could flow direct from the train to the suction when 
measurements of the rate of flow were not being taken. A was filled with 
water to the cork and B was placed at a slightly lower level than A in order 
to help the suction overcome the extra head of water. With cock 1 closed 
and cocks 2, 3, and 4 open, the suction causes a suction in B, which causes 
the water from A to flow over into B making a slight vacuum in A which in 
turn draws gas from the train. The flow will of course be no faster than 
the gas is fed to the purifying trains from the storage tanks, and, therefore, 
different rates of flow of gas can be correlated with the number of bubbles 
passing some bottle in the purifying train, and the rate thereafter deter- 
mined by counting these bubbles from time to time. In this way the 
curves, Fig. 39, were obtained. The oxygen curve shows the rate of flow of 
oxygen through the H.SO, bottle 2, Fig 34A, in bubbles per minute, and the 
nitrogen curve, the rate of flow of nitrogen in bubbles per minute through 
the H.SO, bottle No. 5, Fig. 34A. 

This is of course by no means an accurate determination, but it proved 
sufficiently reliable for the purpose and with a little care about the adjust- 
ments the experiments could all be made under approximately identical 
conditions. 

In order to obtain reliable results the coal had first to be thoroughly 
dried, and before all experiments this was done in the following manner. 

The coal on being taken from the storage bottle was first placed in a 
filter for a few moments to allow surface water to drain off. From here it 
was transferred to a large sheet of coarse filter paper for a brief time and as 
much more moisture as possible extracted. Then it was placed in an atmos- 
phere of nitrogen in a small flask and tightly corked with a rubber stopper 
through which projected a capillary glass tube. The flask was then placed 
in an oven and kept at a temperature of 105-110°C. for from three to five 
hours until upon cooling and weighing the coal was found to remain constant 
as to weight. In this way all moisture was removed with very little contact 
with air and consequent absorption of oxygen. 

The primary object of the experiments being a study of the heat 
evolution due to the action of oxygen, they were run only long enough 
to produce a decided rise in the temperature of the coal, and usually a 
period of some 15 hours sufficed. No attempt was made to determine 
the rate of absorption of oxygen as this would have necessitated long ex- 
tended experiments such as No. IV of Billington’s work. Moreover, owing 
to the short period of time over which each experiment extended it was 
thought unnecessary to make a detailed study of the rate of evolution of the 
various gases coming from the coal, as Billington did in experiment IV, and 
only the total amount of evolved substances was obtained at the end of 
each experiment. 

Two series of experiments were made, one showing the effect of dry 
gas upon the coal and the other the effect of a saturated gas. In both 
cases, of course, the coal was previously thoroughly dried in order that 
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the true weight of coal should be known. It had been hoped to experiment 
with several different coals, but unfortunately owing to delays, the length 
of time necessary to construct and test the apparatus and other unforeseen 
difficulties, reliable results were obtained from three coals only. 

Seven experiments in all were made, four using dry gas and three using 
saturated gas. The bath temperature for all experiments was 80°C. 
as it was felt that at this somewhat elevated temperature more rapid oxida- 
tion would probably take place and definite results would be more quickly 
forthcoming. 

In the experiments with saturated gas a slight change in the apparatus 
was necessary. For saturating the gas at the temperature of the bath 
a small gas wash bottle containing distilled water was inserted in the ther- 
mostat between the coil of piping used to heat the gas and the pipe leading 
to the coal container. This was so connected that the gas bubbled through 
the water. It was also necessary to insert a condenser between the con- 
tainer and the first sulphuric acid bottle in the absorption train to collect 
the excess moisture coming over. The condenser consisted simply of an 
air tight bottle set in an ice bath. 

The gas being dry until it reached the wash bottle it was expected that, 
as the change in weight of the bottle, and the weight of water coming over 
into the condenser were known it would be a simple matter to calculate 
the amount of water absorbed by the coal; but unfortunately it was found 
that in all cases some water worked back into the coil of tin piping in the 
thermostat probably by diffusion. Moisture determinations therefore had 
to be made on the coal after the experiments. 


Calculations. 


The weights of the water, carbonic acid and hydrocarbons given off 
during the experiment are obtained by very simple calculations from the 
weights of the respective elements of the absorption train before and after 
the test. The weight of oxygen absorbed is obtained by adding the sum 
of the three above items to the algebraic! increase in weight of the coal as 
determined by weighing the container before and after the test. The vol- 
ume of oxygen absorbed is then calculated from the following formula:— 


V=W X 22400 + 32 where 
V=volume of oxygen at 0°C and 760 mm. pressure. 
W=weight of oxygen absorbed. 


This very simple formula gives the volume directly, and shows the great 
advantage of using gravimetric methods of analysis over the volumetric 
methods as used by Lamplough and Hill, and Winmill. 

The calculated results of all the experiments have been assembled 
and are shown in Table No. XLIV, p. 145, but curves showing the relation 
between temperature and time have been drawn for each experiment, 


1JTn the majority of the tests made in this particular investigation the coal actually lost weight owing to 
the loss of moisture, etc., exceeding the absorption of oxygen. In these cases the ‘‘increase in weight would 
be a minus quantity and the absorption of oxygen would therefore be less than the sum of the three items 
evolved. 
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and will be explained and discussed in detail before going into a more general 
discussion of the results asa whole. By temperature is meant the difference 
of temperature between the incoming and outgoing gases in the coal con- 
tainer. 

It should be noted that the experiments are numbered to follow those 
made by Billington, thus Cameron’s first is numbered V and his seventh XI. 


Experiments V and VI. 


The curves Fig. 40 show the results of the first two experiments with 
the final apparatus. Both were run as nearly as possible under identical 
conditions; the first one on a sample of coal from the Barnsley seam at 
Tankersley, and the second on coal from the Silkstone seam, Normanton, 
England. The gases used were thoroughly dry and the bath temperature 
80°C. The Barnsley coal on analysis contained 0-45% sulphur and the 
Silkstone coal 0: 26%, both being low sulphur coals. 

The curves show the striking similarity of the results obtained. Both 
coals started at a temperature slightly cooler than the incoming gas and at 
no time did they rise above the temperature of the gas. About two hours 
after the oxygen had been admitted the coals had reached a point of maxi- 
mum temperature, and from there on each curve approximates a straight 
line. A maximum rise of 0-18°C. on oxygen as compared with nitrogen 
was obtained in experiment V, and of 0-29°C. in experiment VI. This 
greater rise in the second case is probably to be accounted for by the fact 
that in experiment VI the coal was subjected to a slower rate of flow of 
oxygen and less heat was carried off by the gas. The absorption results 
shown in Table XLIV, p. 145, tend to bear out this opinion. 


Experiment VII. 


This experiment was run on the same coal as experiment VI and under 
the same conditions, with the exception that the gas was first saturated 
with water vapour. The curve Fig. 41, p. 138, shows the temperature 
results obtained. It was found that the presence of the moisture rendered 
it practically impossible to establish temperature equilibrium while the 
nitrogen was passing, and after running for some hours without getting a 
perfectly uniform temperature the attempt to do so was abandoned and 
oxygen was turned on. The results obtained are very characteristic and 
show clearly the effect of moisture upon the temperature rise in oxygen. 
Owing to certain peculiarities in the running conditions of this experiment 
the calculated oxygen absorption as shown in Table XLIV, p. 145, is not 
very reliable, but is given as at least showing the order of the amounts 
absorbed. From the results of this and other experiments there seems to 
be no doubt that the presence of a small amount of moisture greatly in- 
creases the activity of the absorption reaction and consequently the heat 
evolution. 

The temperature results of these three experiments on similar coals 
show, as would be expected, that the increase of temperature is inversely 
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proportional to the rate of flow of gas so long as enough of the latter is 
supplied, and as the amounts of oxygen supplied were greatly in excess 
of that needed for absorption, the temperature differences obtained were 
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therefore of a very small order. It was therefore decided that in the 
future experiments means must be devised for giving an exceedingly slow 


rate of flow for the oxygen. 


For this purpose the apparatus shown in Fig. 38 


Fic. 40. Graphic record for experiments V and VI. 


(B) was designed by Dr. MacIntosh. 
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It was inserted between the oxygen 


cylinder and the first absorption bottle of the purifying train (1, Fig. 34A) 
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and consists of a graduated bottle A connected by a syphon and T-piece 


to an open Winchester B. 


The third arm of the T-piece is connected 


through a pinch cock to a tank of water arranged to give a constant head. 


Graphic re ord for experiment VII. 


Fie. 41. 
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A by-pass from the oxygen cylinder is arranged so that the apparatus 
may be swept out clean with oxygen direct from the cylinder. 

The two-litre bottle being filled with distilled water, cocks 1 and 5 are 
closed, and oxygen from the cylinder allowed to flow into the bottle causing 
the water to syphon over to the Winchester. When sufficient oxygen has 
been collected the cylinder valve 4 is closed, the level of the water in the 
Winchester raised to the same level as that of the water in the graduated 
bottle, and cock 2 closed. In this way the oxygen in the graduated bottle is 
at atmospheric pressure. Then by opening cock5, and regulating the flow of 
water through cock 1, any desired rate of flow of the gas can be obtained. 


Experiment VIII. 


The coal from the Normanton Silkstone seam was again used for this 
experiment which was a duplication of experiment VII, except that the 
above described apparatus was used, and it was made solely to find out what 
effect a reduction in the quantity of the oxygen passing through the coal 
has upon temperature rise. In this experiment the total amount of oxygen 
passed was less than 900 c.c. during the sixteen hours of the experiment, 
whereas in experiment VII the gas was flowing at the rate of 400 c.c. 
per hour. The curve Fig. 42 shows clearly the results obtained. A com- 
parison with curve Fig. 41 for experiment VII shows how greatly the 
temperature rise is influenced by the rate of flow of the oxygen. 


Experiment IX. 


This experiment was the same as experiment VIII, except that dry 
gas was used. It was, therefore, a duplication of experiment VI using 
the improved oxygen control. The temperature rise is shown in curve 
Fig. 43.. By comparison with the previous curves it may be noted that the 
rise obtained is greater than that obtained for either dry or saturated gas 
with a high velocity flow, but not so great as that shown in experiment VIII 
with a saturated gas and the same velocity flow. 

These last four experiments show clearly two things:— 


(1) That, as would be expected, the rise in temperature with oxygen 
is dependent upon and varies inversely as the rate of flow of the gas so long 
as the supply suffices for oxidation. 

(2) That the presence of a small amount of moisture materially 
increases the evolution of heat due to the absorption of oxygen by the coal. 


Moreover, the coal being very low in sulphur (0-26%) the experiments 
show! that the moisture does not play its part solely by oxidation of pyrite 
or other sulphur compounds present, but is a direct aid to the absorption 
of the oxygen by the coal itself and the consequent production of heat. 


1See conclusion 3, p. 146. 
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Experiment X. 


The coal used for this experiment, and for the one following was from 


ny, Stellarton, 


Nova Scotia. 
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the same conditions as the previous ones. 


The temperature rise with oxygen 
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is shown in curve Fig. 44. The total amount of oxygen passed during 
the experiment was less than 1000 c.c. over a period of eight hours. The 
bath surrounding the coal container and therefore the coal itself was main- 
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tained throughout the experiment at a temperature of 0-6°C. above that 
of the incoming gas and a maximum temperature rise of 0:6°C. was ob- 
tained when oxygen was passed. 


Graphic record for experiment IX. 


(Porter and Cameron.) 
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Experiment XI. 


This, the last experiment was run on the same coal as experiment 
X, and under identical conditions with the exception that saturated gas 
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Fic. 44. Graphic record for experiment X. 


HEATER 1 
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was used. As in the previous ‘‘wet tests’’ no serious attempt was made to 
obtain temperature equilibrium while the nitrogen passed, but as soon as 
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a fairly constant condition was obtained the oxygen was turned on. The 
curve Fig. 45 shows the results obtained. Comparison with the curve 
for experiment IX shows that these results are very similar to those ob- 
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tained with the English coal. In this experiment the maximum temperature 
rise for the eight hours with oxygen is 1-2°C. an increase of 0-6°C. above 
that obtained with dry gas. 


Graphic record for experiment XI. 


Fic. 45. 
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Another point of interest brought out by the various curves is that 
when oxygen is admitted even in very small quantities the temperature 
tends first to drop slightly and then to rise above the starting point. More- 
over as soon as the oxygen in direct contact with the coal has all been 
absorbed the temperature begins immediately to drop again and will not 
rise until sometime after more oxygen has been applied. 


The Calculated Results. 


The results obtained from the absorption train for all coals are shown 
in Table XLIV, p. 145. A study of this table clearly brings forth the fact 
that the rate of absorption by the coals experimented with depends 
upon the presence of some moisture, and is influenced by the rate 
at which oxygen passes through it. 

That the first condition holds is shown by comparing the results of 
experiment VIII with UX, and experiment XI with X. In both of these 
pairs of experiments we find that the one in which saturated gas has been 
used has shown, by quite an amount, an increase in the absorption of oxygen 
by the coal in spite of the fact that in each case the passing of gas has been 
continued: for an appreciably longer time in the dry than in the wet 
condition. It will, however, ke shown later that these experiments must 
not be interpreted as showing that ‘‘wet’’ coal oxidizes faster than “dry 

For evidence of the second statement let us consider experiments VI 
and IX. Here we have the same coal subjected to as nearly as possible 
the same conditions, except a change in the rate of flow of oxygen, and we 
find that in IX with a low velocity of flow over a period of 6 hours the ab- 
sorption has amounted to 3-69 c.c. per gramme of coal, while in VI with a 
fairly high flow the absorption for 63 hours is appreciably less, being only 
3-55 c.c. per gramme of coal.! The same result is even more apparent if we 
compare experiments VII and VIII, but as mentioned before there 
were certain difficulties encountered -in VII which make it somewhat 
unreliable. The difference here, however, is so great that even allowing for 
possible errors it would appear that the same deduction could be made as 
is shown by experiments VI and IX. 


Summary of Conclusions. 


It is of course well understood that no general conclusions can reason- 
ably be drawn from so limited a number of experiments, but on the other 
hand it is thought that the experiments show certain conditions which appear 
to govern, to a certain extent, at least, the absorption of oxygen by coal and 
the consequent production of heat. These are set forth below :— 

1. Oxidation depends largely upon the presence of moisture. With 
absolutely dry gas and almost absolutely dry coal some oxidation does 


1 Mr. Cameron is quite right in stating that his experiments apparently support this second deduction, 
and there is no doubt whatsoever that an excessive oxygen supply, as pointed out elsewhere, by keeping down 
temperature does actually keep down oxidation. It is, however, open to question that the very small decrease 
in temperature noted by Mr. Cameron as resulting from the excess of oxygen in his earlier experiments, could 
have had even the small effect on the rate of oxidation which his experiments would seem to show. 
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take place, but it is clear that moisture greatly facilitates the reaction. 
Too much moisture will undoubtedly, however, hinder the oxidation and 
consequent production of heat, and it must be made quite clear that nothing 
in the experiments goes to indicate that ‘wet’? coal oxidizes more rapidly 
than ‘“‘dry’’ using these terms in the ordinary commercial sense. The wet 
tests just tabulated were really “dry” in the sense that the coal had been 
dried to above the boiling point, and the only moisture admitted was that 
of air saturated by passing through water. The total amount of moisture 
was therefore actually much lower than in any industrial dry coal storage. 
On the other hand the dry tests as conducted above involve an almost 
absolute exclusion of moisture: a condition quite impossible except in an 
elaborate laboratory experiment. 


2. The absorption of oxygen by the coal and the consequent pro- 
duction of heat is apparently dependent upon, and to a certain extent pro- 
portional to the rate of flow of the oxidizing gas, i.e., too much oxygen or 
air, as well as too little, checking the action. 


3. No exact information is obtainable as to how much of the oxygen, 
if any, went into combination with the sulphur of the coal, but the samples 
are all low in sulphur and No. 2 particularly has very little of this impurity, 
and calculation will show that even if all of the sulphur in the samples had 
been oxidized, which is of course an enormously exaggerated assumption 
the absorption of oxygen could not have been accounted for.- In view of 
the work done by other experimenters on this subject it is probable that even 
in the ‘“‘wet”’ tests, the oxygen was mainly absorbed by the resins and humus 
bodies which are known to form an appreciable part of the coals in question. 


In conclusion it may be said that the experiments are but a small 
part of what will have to be done before the whole matter is cleared up. 
Much interesting work is yet to be done on pyritic coals and pyrite, witha 
view to finding out the true effect of this substance in the oxidation of 
such coals, and similarly pure hydrocarbons, resins, etc., as contained in coal 
and allied substances such as peat, etc., will have to be studied. It is hoped, 
however, that the above report will prove of some value, not only through 
its actual results of experiment, but also through its description of appar- 
atus and methods. 


Parr and Francis? experimented on the absorption of oxygen by coal 
at still higher temperatures than those employed by Porter and Cameron. 
The apparatus used by them is shown in Fig. 46. 


It consists of two towers filled with solid potassium hydroxide, and three wash bottles 
partially filled with a 50 per cent potassium hydroxide solution. That this solution thor- 
oughly removed any traces of carbon dioxide which may have been contained in the oxygen, 
was proved by means of solutions of barium hydroxide in the two small flasks B’ ands ae 
A round 1500 cc Jena flask F, served as a heating chamber, a nickel calorimeter capsule, 
C, for holding the material to be tested was firmly fixed in a loop of heavy iron wire and 
suspended in the flask. Two thermometers were used, one T, to indicate the temperature 


1 See pp. 42-43 ante. 
2 Univ. of Illinois. Eng. Expt. Sta. Bull. 24, 1908. 
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of the gas (oxygen), and the other T’ was immersed in the coal within the capsule. The 
exit tube led the products into a test tube, B, containing a freshly prepared solution of 
barium hydroxide. 

Normally it would be expected that the temperature of the surrounding gas would 
be slightly higher than that of the coal, the loss by convection and poor conductivity 
being shown by a slightly lower reading of the thermometer embedded in the coal. It is 
evident therefore, that any relative rise in temperature, as shown by the thermometer TA, 
would be due to chemical activity within the capsule. 


(Redrawn from Parr and Francis.) 


Fic. 46. Oxygen absorption apparatus 


Operation. The method of operation was as follows: Two grams of coal were placed 
in the nickel capsule and the apparatus adjusted as described. Oxygen was then admitted 
at the rate of approximately 150 bubbles per minute. The flask, F. was uniformly heated 
with a constantly moving Bunsen flame and readings of both thermometers were recorded 
every minute. The first appearance of carbon dioxide was noted in the test solution, B. 
This test tube was changed with sufficient frequency to indicate whether or not the 
evolution of carbon dioxide was continuous. 


The temperatures shown by these two thermometers were plotted, and 
some of the curves obtained are reproduced below from the paper by Parr 
and Francis. The continuous line in each shows the temperature of the gas, 
while the dotted line shows the temperature of the coal in the capsule. In 
most cases there was a slight evolution of carbon dioxide at about SUF 
but this ceased and did not begin again until about 125°. This first carbon 
dioxide is inferred to have been merely occluded gas. For convenience 
in charting this was omitted. This coal for Figs. 47, 48, and 51, con- 
tained :— 
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The coal used in Fig. 47 was a sample of Williamson county, Illinois, 
Carterville coal in a finely pulverized form. At the point indicated by 
the first cross (x) or 125°, there was a positive appearance of carbon dioxide, 
which continued until a temperature of 155° was reached, when the chemical 
activity became so great as to cause a much more positive evolution of 
carbon dioxide and a very rapid rise of the thermometer T!. At 160° 
as represented by the delta, the coal showed the presence of fire and ther- 
mometer observations could no longer be taken. 

Fig. 48 shows a repetition of the above test except that the coal used 
was buckwheat size. Carbon dioxide first appeared at 112° and the more 
copious evolution started at 147°. This rapid evolution continued over a 
much longer space and a red glow was not visible in the coal until the tem- 
perature was 258°. This shows that oxidation proceeds much more rapidly 
with finely divided coal than with lump coal. 

Fig. 49 represents a similar experiment on a sample of Taylorville, 
Illinois, coal in the powdered condition. The appearance of carbon dioxide 
was first detected at a temperature of 153° C and at the same point the two 
Pires cross. | At a temperatutesO1mly /ae@ stile coal was on fire. In this 
experiment no carbon dioxide was evolved at the lower temperatures, 120° 
to 130° asin the case of the other coalsexamined. The kindling temperature 
is practically the same as that at which oxidation begins, as judged by the 
evolution of carbon dioxide. 

Fig. 50 represents a similar experiment in which powdered Pittsburgh 
gas coal was used. The figure shows that the temperature at which fire 
appeared was slightly higher than with the powdered bituminous coal of 
Fig. 47. “This suggests that the oxidation of hydrogen may also have a 
part in the chemical reactions involved as being perhaps, more readily avail- 
able in coals of the strictly bituminous type.” 

A number of tests were also made, using air instead of oxygen. One set 
of results is reproduced (Fig. 51). They are for the same coal as was used 
in the experiments whose results are given in Figs.47 and 48. It will be 
seen that the results are not essentially different from those obtained when 
oxygen was used. As would be expected, the activity of the oxidation is 
decreased so that the appearance of carbon dioxide was at 135° instead of at 
or about 120°. The voluminous appearance of CO, and the crossing of the 
lines occur at 165° instead of between 140° and 150°. At about 200° the 
external heat was withdrawn for a few minutes, the oxidation temperature 
dropped back in a similar manner. At 280°, however, the action had 
become entirely independent of external heating. 

Apparently we have here an example of a type of combustion which 
occurs at a temperature far below the ignition point, and still is self-sup- 
porting and would be continuous with an adequate air supply. 
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Fic. 47. Absorption of oxygen by powdered Carterville coal in atmosphere of oxygen (8). 
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Fic. 48. Absorption of oxygen by buckwheat size Carterville coal in atmosphere of oxygen(9). 
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Fic 49. Absorption of oxygen by powdered Taylorville coal in atmosphere of oxygen (11). 
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Fic. 51, Absorption of oxygen by powdered Carterville coal in air (15). 
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CHAPTER VI. 


Dn BeRREN EIN TION OF ni atIN >LORED COAL. 


The prevention of fire and even of serious deterioration of coal in storage 
is a matter of such great practical importance that it has engaged the serious 
attention both of Governments and private individuals for many years. 

It is necessary to store very large quantities of fuel at all of the more 
important naval bases and at all industrial centres, and ordinarily these 
stores are in the form of piles of considerable height and of large extent 
completely exposed to the weather; but it has long been known that the 
majority of coals cannot safely be so stored in tropical climates, and that 
many coals are unsafe in large piles even in temperate lands. 

The practical method of meeting the difficulty, so far as tropical stores 
are concerned, has been to use anthracite coals only, or when this has been 
impossible, to limit the size and particularly the depth of the storage piles, 
and to shovel the pile over, or otherwise ventilate and cool it whenever 
heating begins. Either of these expedients makes the coal very costly, and 
it has often been pointed out that any coal could be safely stored under water, 
either in large tanks and water-tight bins or actually below sea-level in 
docks properly constructed to contain the coal, and provided with the 
necessary filling and dredging appliances. 


Submerged Storage. 


The British Admiralty is more deeply concerned than any other single 
body in the matter of tropical storage, and it has accumulated a great 
mass of detailed information on the subject. Much of this information is 
necessarily confidential, but in general it may be said that in all cases sub- 
marine storage has been found to be effective in preventing decomposition 
and of course fire, but that the cost of the necessary equipment and the 
additional expenses in handling the coal are very considerable, added to 
which there are difficulties in many places from the contamination of the 
coal by silt, sewage, etc., contained in the water. It must also be remem- 
bered that the risk of fire is not confined to the coaling station; the coal 
ordinarily has to be sent out in cargo ships and later is bunkered in the ships 
that use it, and as submergence unde: these conditions is not practicable 
it is unsafe to attempt to use coals which heat, quite irrespective of the 
method of storage employed at the station. The general practice of the 
Admiralty is, therefore, to send out to tropical stations only such coals as 
have been proved to stand shipment and storage with a reasonable degree 
of safety, and to this end the various available coals have been carefully 
studied. 


It is that heating 


9 
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In more temperate climates a much wider range of coals can be safely 
stored, but for industrial purposes economy of handling is of great im- 


ortance, therefore the piles are made as high as possible to lessen the first 
is common and fires not infrequent, and various devices have been tried such 


as submerged bins, ventilation channels through the coal, etc. 


cost of the storage yards and cheapen handling. The resu 
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Some tests made by the British Admiralty! to determine the 
weathering losses of coal stored in the air and of coal submerged under water 


have been made public. 
from storage piles. 


In May, 1903, twenty-one tons of coal were selected 
Ten tons were stacked in heaps and covered with tar- 


1Eng. News, Vol. 56, 1906, p. 17. 
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paulins and ten tons were placed in two-ton crates and submerged in one 
of the navy yard basins at Portsmouth. The remaining ton was burned 
carefully under a test boiler, observations being made of its calorific and 
evaporative qualities. The crates were taken up at intervals and the coal 
was tested by burning in comparison with the coal stored on dry land for 
the same length of time. The actual figures are not available, but it is 
reported that in every case the results were in favour of the submerged coal. 


A test made by the Fuel Engineering Co.! of Chicago on coal stored 
under water for two years, and similar coal exnosed to the atmosphere for 
two years, showed calorific values as follows :— 


Submerged coal 11,937 B.Th.U., weathered coal 11,718 B.Th.U., or a 
difference of about 1-9 per cent. Since both samples contained 15-9 per 
cent of ash the two results are directly comparable. 


Parr and Wheeler? refer to the storage of coal by the Western Electric 
Company, whose 15,000 ton concrete bins contain coal which is kept alto- 
gether submerged. This coal shows an advantage of 1-9 per cent in heating 
value in favour of the coal stored under water, after a period of two years. 
The same authors had previously* published some curves from Hamilton’s 
experiments—Fig. 52— showing that coal stored under water for almost 
one year suffered no appreciable alteration. 


In spite of ample evidence that submergence either in fresh or sea 
water not only protects coal from fire, but also retains its full heating power 
indefinitely, practical difficulties have thus far prevented any extended 
commercial use of this system, and it is doubtful whether it will ever be 
employed very largely for ordinary coals except perhaps at tropical naval 
bases; but there is undoubtedly a large field for this method of storage in 
the case of lignites and lignitic coals, which not only heat readily, but also 
disintegrate and lose a very appreciable fraction of their value on weathering. 
Such coals can be kept virtually intact under water, and it is probable 
that in the course of time it will be found commercially expedient to provide 
submerged stores at places where such coals can be produced or sold at 
much lower prices than more stable fuel. There are immense quantities of 
lignitic coal in many parts of the world—as for example in Alberta and 
Saskatchewan in central Canada; and although they have lower calorific 
value than bituminous coal, their geographical situation renders them 
the logical fuel for large areas. As a matter of fact these coals are already 
much used at points where a fresh and reliable supply can be secured. 
By suitable system of storage their use could be very greatly extended, and 
arrangements to this end will no doubt be made comparatively soon, unless 
in the meanwhile some cheaper method of preservation is developed, 
or we come to burning coal at the mines and transmitting its heat and power 
electrically or otherwise. 


1 Hng. News, Vol. 60, 1908, p. 729. . 
2 ‘The Weathering of Coal.’’ Bull. 38, University of Illinois Experiment Station, 1909. 
8 The Deterioration of Coal. Journal American Chemical Society, Vol. XXX, 1908, pp. 1027-33. 
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Ordinary Storage. 


Many authorities recommend as an alternative to submergence that 
the coal be stored in sheds affording protection from both sun and rain. 
It is by no means clear that rain is harmful (see p. 27), although there is a 
widespread belief that it precipitates heating, but there is no doubt that 
exposure to the sun is dangerous at least while the pile is being made, as 
coal, owing to its blackness, absorbs heat rapidly, and if it is then covered 
by a fresh layer of coal this heat is retained and greatly accelerates sub- 
sequent oxidation. When the quantities to be stored are comparatively 
small or the conditions particularly severe this expedient of storing under 
cover is worthy of consideration; but when the quantities are large the cost 
of the sheds becomes a serious item, and there is usually also a considerable 
increase in the handling expenses owing to the increased complexity of the 
loading and unloading arrangements. It is therefore very unusual to have 
large covered storage plants except perhaps at certain tropical naval stations 
where cost is of secondary importance. It should, however, be noted in 
this connexion that enclosed storage even on a fairly large scale is frequently 
practised for reasons having little or nothing to do with oxidation and 
heating. It is quite customary to have loading bins of large capacity at 
railway and steamship coaling stations; but these are to enable supplies 
of fuel to be quickly loaded by gravity, and under ordinary conditions no 
one lot of coal remains long enough in such storage to run risk of heating. 

In cold and wet localities it.is also occasionally expedient to house 
coal supplies, as otherwise the fuel would freeze into a solid mass of mixed 
coallsand ice: 

When submerged storage is impracticable and the coal is piled either 
in sheds or in the open it is clear that the air cannot be excluded and heating 
is liable to occur. Provision must then be made for conducting the heat 
generated away from the pile. This can be done in two ways, first, by piling 
the coal in shallow heaps, or second, by ventilating the coal pile. It has 
been found by practical experience that shallow coal piles will not ignite 
spontaneously, the particular height to which any coal can be safely 
piled can, however, only be determined experimentally. The same result 
can be obtained in deeper piles by providing air ducts whereby the coal is 
so well ventilated that the supply of air is so greatly in excess of that needed 
for oxidation that the incoming air will keep the pile cool. 

A method of storing coal and ventilating it has been developed by the 
Canadian Pacific Railway! whereby fires have been virtually eliminated. 
The method in general is: first to level off a triangular piece of ground so 
that temporary tracks may be laid upon it and a steam shovel used if desired. 
A track is then laid in and hopper-bottom coal cars unloaded on this track, 
which is then raised on the coal and the operation repeated until an em- 
bankment of considerable height is made, with an inclined track from 
the apex of the triangle to the main line. When a sufficient height is reached, 


1 See plates I, II, VI, and pp. 159-163. 
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General view of storage pile at Angus. 
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the coal is side dumped or side shovelled and the track is gradually shifted 
to one side and the width of the pile thus increased to any desired extent. 
The height of the pile on the approach increases from nothing to about 
16 feet, and this latter height is maintained for the major portion of the 
pile. 

As soon as possible after each portion of the pile reaches its full height 
it is ventilated by driving pointed iron rods, 15” or 2” in diameter, vertically 
down through it. After the rod reaches the bottom a bell-shaped collar 
is slipped over it and forced down about six inches into the coal, as shown 
in Fig. 53, p. 153. The rod is then tapped to compact the coal around it 
and to loosen the rod itself and both collar and rod are withdrawn. A 
rough funnel of tar paper is then put in the bell-shaped top of the hole to 
prevent pieces of coal falling in or being washed in by the rain. The walls 
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Fic. 53. Apparatus for ventilating storage piles. 


of the lower part of the hole maintain themselves without protection, and 
holes driven in this way ordinarily last for many months. The distance 
between the holes varies somewhat with the circumstances; but generally 
it is about 16” from centre to centre, and the cost, which is almost wholly 
labour, amounts to approximately 5c. per ton. 

Another method, which is frequently effective, and in certain cases 
economically possible, is to pile the coal in layers of about 2 feet, allowing 
each layer to be exposed to the air for at least two days, and if possible 
much longer, before it is covered by the next layer. This method is usually 
effective in preventing fire, if the piling is done in cool weather, but in mid- 
summer, particularly in hot and sunny weather, it is of doubtful value to 
say the least. Porter and de Hart have experimented on this method of 
storage, see pp. 154-159. 

In order to obtain detailed information on deep storage piles a series 
of experiments were made by the author and his assistants, Messrs. Brunton 
and de Hart, on Nova Scotia coals from the Dominion Coal Company, 
these coals being selected because they form the main part of the ordinary 
fuel supply of eastern Canada. These tests were carried out under two 
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heads: (1) to study the storage of fresh coal at the mines; and (2) 
to study the behaviour of coal which had been shipped in cargo lots to 
Montreal and stored there. 


Torter and de Hart experiments, Glace Bay. 


The experiments at the mines were made at Glace Bay, Nova Scotia, 
in the summer of 1911, by Mr. J. B. de Hart working under Dr. Porter’s 
personal direction. Four similar piles were made by dumping coal cars from 
a railway trestle. Each pile contained about 90 tons and was built as 
follows :— 

Pile No. 1. The coal used was fresh “‘run-of-mine’’ from No. 4 mine 
of the Dominion Coal Company. (Phalen seam). It was mined the 
day before the pile was built, and was exactly as it came from the mine 
except that it became damp owing to rain, which fell during the transfer. 

Pile No. 2 was made with coal from the large stock pile of the Dominion 
Coal Company. This coal had been mined in February and was chiefly 
but not wholly from the Phalen seam. This coal was also damp when piled. 

Pile No. 3 was built of two kinds of coal. First, nine or ten feet of 
stock coal, as in pile 2, was dumped, and on top of that five or six feet of 
freshly mined run of mine coal from No. 4 colliery as in pile 1. Both coals 
were damp. 

Pile No. 4 was the same as pile No. 1 except that the coal was piled in 
layers about 3 to 5 feet thick, an interval of two days being left between the 
dumping of successive layers. 

The piles were situated between successive bents of a trestle. The coal 
was not in contact with the wood of the trestle, however, as the bents be- 
tween which the coal was dumped were boarded up and protected by gal- 
vanized iron. The location can be seen from photographs. (Plates III, 
lVeancae 

The method of piling the coal was by dumping it from hopper bottom 
cars on top of the trestle and then “‘trimming’’. Insome cases the coal tailed 
out over the tracks at the side of the trestle and had to be held back by a 
low wall of planks as can be seen in the photographs above mentioned. 
These planks constituted the only wood in contact with the coal. The coal 
for piles 1 and 4 and the top half of 3 was mined on July 19, 1911. The 
dumping of pile No. 1 was commenced on July 20, and finished July 21. 
Pile No. 2 of stock was dumped on July 20. The stock coal in Pile No. 3 
was dumped on July 20, and the fresh coal on July 21. Pile No. 4 was 
built in layers as follows: July 21, 30 tons; July 24, 15 tons; July 26,°15 tons; 
July 23; 15 tons sande |ilyeol elo stons: 

As each pile was made three § inch iron pipes were putin. They were 
8 feet, 14 feet, and 20 feet long respectively. These pipes were open at 
the bottom and were threaded at the top and were kept closed by caps or 
wooden plugs. Their positions are shown in plan and elevation in Fig. 
54. Two pipes (S) in the form of a U were also placed, one in pile 1, and 
one in pile 2. They were open at the ends which projected into the air. 
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Fic. 54. Diagrams of coal piles, Glace Bay. 
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TABLE XLV, ies 
Temperature and Pressure Readings—Glace Bay Storage. 
(Porter and de Hart) 
Relative | Atmospheric | Atmospheric Temperatures (Deg. C.) 

Date. humidity | temperature pressure Weather, 
Dee pe cearees a | Leta igs 1A 1B 1c 2A 2B 2c 3A 3B 3c | 4a | 4B 4c 
July 220%, see 97 17-6 29:95 -"|\ Clondy-.\| —= = = y43-5" || 13ssay esis ee = a a2 a ees 
Qo. 84 20-1 29-87 Fine 17-0 | 19-0 | 18-0 | 16-0 | 16-0 | 12-0 | — 3 = = Sie 
ee 78 18-3 29-90 | Cloudy [16-0 | 18.0 | 17-0 | 14-0 | 14-0 | 10-0 | 13-5 | 14-0 | 160 | 200 | — | — 
i3 ieee 91 18-1 29-96 |Showery |16-0 | 18-0 | 17-0 | 44:0 | 140 | 44-0 | 140 | 14-0 | 165 | 185 | — | — 
iy SORE 37 19-9 29-97 Fine |i7-0 | 19-0 | 18:0 | 14-0 | 14-0 | 44-0 | 14-5 | 14-0 | 17-0 | 200] — | — 
Sora 63 19-4 30-10 Fine 17-0 | 19-0 | 18-5 | 14-5 | 14:5 || 15-5 | 15-0 | 1s-0 | 17-0 | 190 | — | — 
eae 48 21-3 30-33 Fine 17-5 | 19-5 | 19-5 | 14.0 | 14-5 | 17-0 | 15-5 | 15-0 | 18-0 | 20-0 | 180 | — 
OB. 40 22:5 30-94 Fine 18-5 | 20-0 | 20:5 | is:5 | 46-5 | 18:0 | 16-0 | 15-5 | i7-5 || — Se i: 
30. ae 65 21-7 30-10 Fines. | sq] eign lla = = = = Ts 
3h fra 19-0 —* | Cloudy [17-5 | 20-5 | 21-0 | 15:5 | 16-0 | 18-2 | 15-5 | 16-0 | is-s | 19:0 | 18-5 | — 
Aug a Soe. es 63 15-8 = Fine [18-0 | 20:5.| 22-0 | 15-5°| 17-0°|.18-0 | 15-5 | 17-3 | 19-5 | 21-0 | 19-5 | — 
hie 63 is e Fine [21-0 | 24:8 | 26-0 | 17-5 | 20-5 | 21-5 | 47-5 | 19-0 | 22-5 | 23-5 | 23-0 | 22-5 
Rah a asa” | = | Fine | — ES = = = =f a = Ee = = =u 
AS jo0 = 16-9 ie Fine 25-0 | 27-0 | 29-0 | 17-0 | 19-0 | 18-0 | 17-5 | 18-5 | 21-5 | 22-0 | 21-5 | 22-0 
ibe 64 t6ifies han Fine [25-0 | 28-0 | 30-0 | 17-0 | 20:0 | 17-0 | 17-5 | 18-5 | 21-5 | 23-0 | 22-5 | 23-5 
iG Bice 90 18-7 = Wet alls = = = = = Es = = = = 
Tose 90 17-5 ma Wet [25-0 | 28-0 | 32-5 | 19-0 | -20-5 | 16-0 | 17-5 | 19-5 | 20-0 | 23-5 | 22-5 | 24-0 
ae 66 14-2 Bese | cin |e = = = = = a = = = = = 
7! pees 34 16-9 [FO 5) Beane oro linsziol| 14560" |wiT-s ale 0-0" biiess2 | ea7c0. |nlinao | ageon a aacs ol ceoss), bases 
ee 74 15-7 = Fine [28-0 | 33-0 | 35-5 | 18-0 | 21-0 | 18-0 | 17-5 | 19-0 | 19-0 | 23:5 | 22-0 | 20-5 
96 21-5 29-79 | Cloudy [30-5 | 33-0 | 37-0 | 19-5 | 22-0 | 19-0 | 19-0 | 21-0 | 20-5 | 25-0 | 24-0 | 27-0 
= 14-3 30-20 | Fine | — = = = [i = = = = = _ 
Sept. 3... 90 18-3 29-57 |Showery |31-0 | 35-0 | 38-0 | 19-0 | 22-0 | 15-5 | 18-0 | 20-0 | 20-0 | 25-0 | 23-0 | 28-5 
_ 15-1 _ Fine _> —_ - = =~ — _ = = —_ — 
EE. Sr ws 43-4 30:16 | Fine 34-0 | 36-0 | 20-0 | 22-0 | 14-0 | 17-0 | 18-8 | 18-5 | 25-0 | 22-0 | 27-0 
ie = 16-3 29-70  |Showery |29-5 | 34-0 | 37-0 | 18-5 | 21-0 | 17-0 | 18-0 | 18-0 |:19-0 | 23-0 | 21-5 | 25-0 
iL oe a 9-9 30-13 | Fine) (27-5 | 33-8 | 35-5 | 200 | 22-5 | 44-0 | — = = Zz = s— 


*No barograph readings were obtained between July 30 and August 28 owing to the fact that the barograph had been sent away for repairs, 
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Their use will be explained later. A brass tube G, + inch internal diameter 
was forced to the centre of each pile after it had been completed. These 
brass tubes were used to draw off gas samples from the interior of the piles. 
All these pipes and tubes are shown in Fig. 54. 

Temperatures were taken at frequent intervals in the 4 inch pipes. 
It will be well to refer to these pipes by symbols. All the long pipes 
will be called A, the medium pipes B, and the short pipes C. Thus the top 
pipe in pile 1 will be called 1C, and in pile 2, 2C, and so on. The middle 
pipe in pile 3 would be 3B. 

The atmospheric temperature and pressure were recorded by a thermo- 
graph and barograph respectively, and the relative humidity was taken 
at intervals. The results of these observations, together with notes on the 
weather, are given in Table XLV. | 

The temperatures and pressures given are the average for the 24 hours 
obtained from the thermograph and barograph curves. All temperatures 
are given in degrees centigrade. The temperatures in the 4 inch pipes 
were taken by maximum recording thermometers which were let down to the 
bottoms of the respective holes by strings. When the temperature in the 
holes was less than the atmospheric temperature it was impossible to use 
these thermometers, hence an ordinary centigrade thermometer was em- 
ployed, and was pulled up and read as rapidly as possible. The error thus 
introduced was probably less than one degree except in one case noted. 
The temperature readings have been plotted on a time base as per Figs. 55- 
61, p. 156, and in this way the rise of temperature can perhaps 
be most readily seen. 

A point which is clearly shown by these figures is the fact that the coal 
which was piled in layers heated less than the coal which was piled quickly. 
Unfortunately, the coal in none of the piles heated to any great extent, 
.and it is, therefore, impossible to tell whether piling the coal in thin layers 
at intervals of several days would prevent spontaneous combustion in a 
case where it would otherwise occur. The difference in temperature rise, 
however, is considerable. The maximum temperatures attained in piles 
1 and 4, which were almost identical except for the length of time taken 
in building, were as follows:— 

TAP 308° sh See Me che 
AN 24-3° A Ree 22/53 AC 27-5° 


It seems probable, therefore, that piling the coal in layers and exposing 
each layer to the air would, in many cases prevent spontaneous combustion. 
Unfortunately in the majority of cases economic considerations prevent 
the adoption of this method of piling the coal, as ordinarily the pile is 
made by dumping the coal out of railway cars run on a track laid on the 
pile and shifted as the pile grows. In such cases the above method would 
involve a disproportionate expense for track moving. The method, however 
could be used without much added expense where the piles are made by an 
overhead travelling grab. 
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The higher temperature of piles which have been built quickly is prob- 
ably due to the fact that absorption of oxygen and consequent heating is 
exceptionally rapid in the first few hours of exposure. lithe scoalesis 
covered in by fresh coal at this stage it retains its heat, whereas, if it is left 
exposed for a longer period, the rate of oxidation decreases and the coal is 
free to cool off to approximately atmospheric temperatures. If, however, 
the pile is built in hot weather and particularly in bright sunlight, slow. piling 
is likely to result in even greater heating than quick piling. As a matter 
of fact coal piled in summer and in dry, i.e., sunny weather, is found to be 
especially liable to give trouble. 

It is interesting to note the times taken to attain the maximum tem- 
peratures. They were approximately as follows :— 


TABU RX EVI: 


Dates of Maximum Temperature in Glace Bay Storage. 
(Porter and de Hart) 


Pipe. Date of max.temp. | Time since comple- 
tion of pile. 
VA Beh oe ee a tee ee oe September4aay ce oe 45 days 
DIN’ ches, ter Fa Mee eA ate ce mA Leer ee 5oaee 
BA WAL, rte. ee Ge eee pet ence aN AUCUStE yee ein 33.3 
ALIN Oa, |. Ss Se Re eI SCM sete, ge See eee eee September 4....... Sieh & 
TB Ee ee Be cae ee ce ee acres “i Ane 4 5eaa 
DBS Se: Se ee eh) ae . Lim 507s 
She Pel OMA se ng gen aig NA eh co ac, ae Re ete AUSUStE 29 See oe 40 , 
AB SMe. vince? pone Denne eee en. es eee 4 SO Ree erie 50tee 
{ Gots, 0 eg Rie aera en eG tae ce surah args September 3........ AAs 
D Gr ene Mee og he epee eat Tek eee " Leen aa. Stes, 
3 Or. cc ee cm eee ame es CoE ee yatttegnisis PRs, A cen 30a 
AGL OP... Ae MAES cent Se Ree bud, oa e September 41....... SE) es; 


sRecords too irregular to enable any smooth curve to be drawn. Probably due to scme extent to the 
enforced use of a non-maximum thermometer. 


We may say that roughly, Pile 1 reached its maximum temperature 
on September 4, Pile 2 on September 17, Pile 3 on August 28, and Pile 4 
on September 4. . 

On September 16, temperatures were taken in the pipes in pile 1 
every foot down. These temperatures showed the maximum temperature 
to be about three or four feet below the surface. The same general location 
had been observed by Porter and Brunton previously at Angus, and was later 
found to be true of a C.P.R. coal pile at Outremont. Probably above the 
depth of maximum heating there is too rapid radiation and ventilation to 
allow of the maximum temperature being attained, and below this point 
there is insufficient oxygen to enable the coal to oxidize freely enough to 
yield high temperature. | 

In order to determine the absorption of oxygen and evolution of 
methane and other gases, gas samples were drawn from the centre of the pile 
and analysed. The samples were sucked out through the brass tubes 
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mentioned above. About 250 cubic centimetres were first drawn off and 
discarded in order to ensure the removal of all air from the tube. Then 
250 c.c. of gas were taken. The standard methods of analysis with absorp- 
tion pipettes were employed. Practically no carbon dioxide or heavy 
hydrocarbons were found in the gases evolved, but even in the case of the 
stock coal the oxygen content was always low. It has been noted 
that the oxygen content is very variable, butthere seems to benoconnexion 
between its variations and the pressure, temperature or relative humidity 
readings, these consequently are omitted from Table XLVII. 


TABLE XLVII. 


Oxygen in Gas Samples from Glace Bay Storage Piles. 
(Porter and de Hart) 


OXYGEN IN PER CENT. 


Date. Pilest? Pile 2: Pile 3 Pile 4. 

BET EL Silat Sat. oe, Shae eee eee ae 19-8. 20-8 20-6 20-6 

AAO LOSE: sclne cee ee eee 19-2 20-0 20-4 18-9 
Aug. 20. 20-3 20-6 20-6 20:5 
BN re Deh ere," 5 oa. 8 Aenea Ro 20-7 20-4 20-4 Re 
Aug. 27. 20-1 20-6 20-4 20E2 
Aug. 29. 20-1 2022 20-4 20-8 

BATS Pe rete eco icot eu eemn MD 19-9 20-2 20-4 19-9 
DIE tah oe Mees tend seen aren ay nae Ts 20-4 20-3 20-2 20-1 
ORC) cee. he Seo ker Meee 20-3 20-3 20-3 20-2 
20-1 20-4 20-4 20-2 

SED: Stich om eee: 20-1 20-4 20-4 20-3 
20-2 20-3 20-4 20:3 

SYS Hib, TU cg mR detec eek eee IRV) 20-4 20-4 20-3 
20-2 20-3 20-3 20:3 

SB aaa 8 eg ae ee oe eR 20-4 20-4 20-4 20-6 

20-5 20-3 20-6 20-4 


After September 3, duplicate sample tubes were filled with g-s, one immediately 
after the other in erder to check the analysis. The results of both analyses are given. 


These figures show a slight depletion of oxygen. Although the samples 
from pile 1, which became hotter than any of the other piles, shows the 
lowest oxygen content, the oxygen of the samples does not appear to diminish 
as time goes on, and oxygen from the air must therefore have obtained 
access to the interior of the pile. 

Attempts were made to determine the relation of the gas-pressure 
in the heart of the pile to the atmospheric-pressure outside by means of 
the small pipes already referred to. The apparatus used was that which 
had been employed by Porter and Brunton at Angus, see page 159. It was 
found almost impossible to get satisfactory readings except in very quiet 
weather, as the small, but frequent changes in the external pressure due to 
the wind masked the still smaller differences in pressure in the piles. Owing 
to this difficulty the number of reliable readings obtained is far too small to 
prove anything, they are, however, given here as an indication of the amount 
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of pressure or suction, and in the hope of stimulating further experimental 
work along this line. 


TABLE XUVIIE 


Pressures in Interior 0 Glace Bay Storage Piles. 
(Porter and de Hart) 


Pressure in inches of water. 
Date 
Pipes 
1B 2B | 3B 4B 
Nu. 1 dese cae ek eee rer eee —(0-0066 —(0-0091 —0-0054 —0-0048 
Aug. 16:hcch. 05 tit ieee +0-0195 +0-0113 +0-0136 +0-0082 
Aug: 20000 2s 2; eee —=0-0174 —(0-0206 —(0-0162 —0-0000 
Aug. 240es os 05 ose ee —=()= 0223 = (Odo —0-0022 —0-0264 
Aug. 20 ae sie ans +0-0438 +0-0024 —0-0000 —0-0000 
Ng. 200% can oes nite ee +0-0012 — 00-0000 —(0-0000 —0-0000 
-- signifies pressure, — signifies suction. 


August 21 being a very still day it was found possible to take readings 
with one limb of the U tube open to the air, and in all four cases these read- 
ings checked exactly. 

It will be noted that there is no case in which some of the piles showed 
pressure and others showed suction. Hence it is natural to look to external 
causes for the changes in pressure. A study of the barometric and ther- 
mometric readings and of the relative humidity shows that there may be 
some relation between the atmospheric conditions and the pressure changes 
in the pile, but, owing to the very small number of readings obtained and 
their small amount, it is unwise to attempt to draw any conclusions of 
weight from the records. 


No barometer readings were taken on August 11, as the barograph 
was not available on that date. With the exception of the reading 1B on 
August 27, however, the records show no suction when the barometer 
was falling and no pressure when it was rising. 

At the conclusion of the Glace Bay experiments above outlined, Mr. 
de Hart observed the loading of a collier belonging to the Dominion Coal 
Company, one hatch of which was loaded with freshly mined coal from a 
single one of the Company’s mines, while the remainder of the cargo was made 
up of ordinary mixed coal as it came to the loading pier. 


Mr. de Hart then went to Montreal on the collier and observed the 
unloading, and saw that all of the coal from the particular hatch under 
observation was shipped to the Canadian Pacific Railway’s storage yard 
at Outremont, Montreal, where in turn he saw it piled according to the 
standard Canadian Pacific Railway method, detailed on page 1.52 
then put observation tubes in the pile and connected them up with the 
apparatus which had been used by Porter and Brunton a year before, 
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and commenced a series of observations similar to theirs. Owing, however, 
to the fact that the coal was piled in comparatively cool weather no very 
great amount of heating took place. The observations, however, confirm 
in every respect the results previously obtained by Porter and Brun- 
ton as set forth in the following pages. 


Porter and Brunton Experiments at Angus. 


In the winter of 1910-11, J. B. Porter and J.S. L. Brunton carried out 
an extended series of observations on a very large storage pile, which had 
been built by the Canadian Pacific Railway between June and October, 
1910, at Angus, Montreal, in accordance with their standard method, which 
has already been described on page 152. This investigation, although 
made before the Sydney experiments already outlined, is described after 
them for obvious reasons. The pile which was roughly triangular in shape 
was approximately two hundred yards long, eighty-five yards wide, and 
fifteen feet high; it contained approximately fifty-eight thousand tons. 
The underlying ground was the natural soil of the location—a firm sandy 
clay—levelled off and covered with a layer of about 1 ft. of roundhouse 
cinders. 

The purpose of the investigation was (1) to study the temperature 
changes, and (2) to investigate the “breathing” of the pile, that is to 
say, to determine where and how air entered and escaped and whether 
barometric changes had any important effect upon ventilation. 

A rectangular plot, 80 ft. by 90 ft. was laid out, one end of which was 
the northern edge of the pile. In one half of this experimental area all 
of the ventilation holes were filled up with fine coal, thus forming an un- 
ventilated block 90 ft. by 40 ft. An instrument house and six observation 
stations were located in the plot, three stations being in the unventilated 
area and three in the ventilated portion, as shown in Fig. 62, and in Plates 
I, Il, and VI. Each station comprised a group of three one-inch pipes of 
varying lengths, each pointed and drilled with some 4” holes near the bottom 
to permit the entrance or escape of gas, and closed at the upper end with 
a threaded cap with a hose connexion. In each group pipe No. 1 was driven 
9 ft. down into the coal, No. 2, 14 ft.,and No. 3, 16 ft., i.e., just into the cin- 
ders below the pile. A small building to house the instruments was erected 
upon the pile in the position M as shown in the sketch. The instruments 
themselves were as follows:— 

1. A standard thermometer, graduated in degrees Centigrade. 

2. 2 doz. maximum recording thermometers, graduated from 0°— 

300°C. for measuring the temperature in the pipes. 

3. A Richard thermograph reading to one degree Fahrenheit. This 
instrument was checked against a standard thermometer and 
was found very reliable. It and the thermometer were kept in 
a small latticed box fixed to the outside of the house on the 
northern side. 
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4. Two barographs, one being kept in the house and the other being 
in a constant temperature room at McGill University about 
a mile and one-half distant. 

5. A Shaw-Dines microbarograph which was kept in the constant 
temperature room at the University. 

6. A kathetometer, fitted with a micrometer eyepiece, capable of 
reading 1/100th of 1 millimetre. 

7. A standard anemometer for noting wind velocities. 

8. A delicate pressure gauge in the form of a U tube with the necessary 
connexions and stopcocks for adjustment. Toluol was the 
liquid employed as it combined extreme lightness with low 
viscosity even at very low temperatures. This gauge was 
suspended on the wall of the house. 

9. Rubber hose 200 ft. long and iron gas pipe connexions for attaching 
the pipes to the pressure gauge. 


The temperatures were obtained easily and accurately by lowering 
the recording thermometers inside the pipes to the required distance and 
allowing them to remain in position for some minutes, after which they 
were withdrawn and the temperatures read. 

To obtain trustworthy pressure readings was a much more difficult 
matter. The method adopted was to remove the cap from the top of the 
pipe to be tested and in its place screw on a coupling which connected by 
means of very heavy rubber hose with a system of piping leading to one 
leg of the pressure gauge. 

In the preliminary tests the other leg was left open, but it was found 
that under these circumstances the gauge sometimes showed pressures in 
the pipe, and at other times slight vacua, and whenever there was any wind 
the liquid surged more or less constantly, the fluctuation sometimes amount- 
ing to 10 or 15 millimetres. Various experiments were next made to elim- 
inate the effect of the wind on the open leg of the gauge. Fairly satisfactory 
results were got by connecting this leg with a pipe which terminated in a 
barrel of crushed coal equally exposed on all sides to the wind, but finally 
it was discovered that pipes 2 and 3 at Station A made even more satisfactory 
dampers. These pipes were close to the edge of the pile and an exhaustive 
series of tests under all sorts of weather conditions failed to show any sign 
either of pressure or vacuum in them. At the same time the bottoms of the 
pipes were deep enough in the coal to be perfectly protected from gusts of 
wind. In all of the later and more trustworthy determinations of pressure, 
the ‘“open”’ end of the U gauge was connected with one of these two pipes, 
and the other end was connected with whatever pipe was at the moment 
under observation. 

Each leg of the gauge had a by-pass to the air controlled by well ground 
glass stopcocks. After the connexion had been made these stopcocks 
were both opened and the toluol permitted to come toa level. The kath- 
etometer was then sighted first on one leg and then on the other and adjusted 


TABLE XLIX. t 
General Observations at Angus Storage Pile. 46 
(Porter and Brunton) I 
Date. . . 16. / . | Jan. 30. | Feb. 6. | Feb. 9. | Feb.13.| Feb, 15. | Feb. 20. 
Temperature .......... -il 
Rising +, Falling —, |.. ne Reins ote - 
Average for 2@ hotirs 4) [9a¢ soa |" SAS) O.\. patysecsrefuen'g eee |e een [lapies 1aen ills iene ne ee eeeroens et nial ee Gh 
Barometer... ......4...5 
Rising +, Falling —, ge + 
Average for 24 hours |.. =f . SIO Sif eeelels copes cater ef prsO-O0. 6 tSOr2o. | Seer cuevel SO°OL I's. sine ee 
Winds -ccccee sa. 


Velocity m. p. h.. 


Station A. Pipe = Temp. 
“3 « 


Station B. Pipe 1 es sake 
ress. 


Pipe 2 Temp. 
Press. . 


Pipe 3 Temp. 
Press . 


Station C. Pipe 1 Temp . 
Press . 


Pipe 2 Temp.|.. 
Press. 


Pipe 3 Temp.|.... 
Press. 


Pipe 4 Temp. 
Press. 


Pipe 5 Temp.|.... 
Preas.(|. o=° 


Pipe 6 Temp.|.... 
Press. 


Station D. Pipe 1 Temp. 
Press. |.... 


Pipe 2 Temp.|.... 
Press. |.... 


Pipe 3 Temp.|.... 


Pres.) So. 
Station E. Pipe 1 Temp.|.... 
Press allies 
Pipe 2 Temp.|.... 
Press. |.... 
Pipe 3 Temp.|.. 
Press. |.. 
Station F. Pipe 1 Temp.|.... 
Preas:)| ior, 


Pipe 2 Temp.|.... 
Press. |. . 


Pipe 3 Temp. 
Press. 


* For temperatures of the C. group of Feb, 10—March 16, See Table LI. 
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to a zero reading; both stopcocks were then closed and the difference 
in height of the two legs read. It was discovered, rather to the surprise 
of the observers, that the change in level reached its maximum in a few 
moments and thereafter the pressure did not increase, and that in no case 
did this pressure amount to more than a millimetre or two of toluol, equiva- 
lent to less than 1 millimetre of water. It was also noted that while the 
pipes frequently showed no differences of pressure from the outside Alf 
yet when there was any difference the pressure in the pipe was always 
greater than that of the atmosphere although the difference as stated 
above was minute. 

Table XLIX gives a long series of observations of temperatures 
and barometric pressures both at the surface and in the pipes. It records 
all observations of pipe pressures which were considered at all trustworthy. 
In general this pressure was highest in the portions of the pile which heated, 
but in no case did it exceed a minute amount and the only conclusion which 
can safely be drawn from these observations is that the interior of the pile 
could not at any time, even on a rising barometer, have drawn in any 
appreciable amount of air through its top surface. 

In this connexion careful experiments were made to see whether any 
air was sucked in through the ventilation holes, but the most delicate ap- 
paratus which could be devised failed to show an entering current in any case, 
whereas in a number of cases.a slight outward current was observed. 

It should be noted that in extremely cold and quiet weather the ven- 
tilation holes over the whole surface of the pile were always observed to 
be giving off small amounts of vapour, which often showed as little columns 
of steam. Much of this exhalation was no doubt aqueous vapour from the 
moisture contained in the coal and from melted snow, but undoubtedly 
some air was also exhaled, and it must therefore be assumed that fresh air 
entered the pile, chiefly no doubt by diffusion but also, probably, around 
the sides. 

Samples of the atmosphere or gas contained in the pile were 
drawn on February 13 from three pipes which showed unusually 
high temperatures and pressures. These samples were analysed by 
Mr. Edgar Stansfield, M.Sc., Chief Chemist of the Fuel Testing Division 
of the Mines Branch, Department of Mines, Ottawa, and the results are 
shown in Table L. 

GABLE Ee 


Analyses of Gas Samples from Angus Storage Pile. 


(Porter and Brunton) 


Pipe. Depth. | Temperature. | Pressure.! CO Or 
ar i ) i Wp O7, oe 
70 /0 
ce 7 = is) 0:5 16-8 
(E45) 14 = —— 0-3 18-8 
Loe eee 2 14 13 19 0-1 20:0 . 


1 Pressures in !/109 millimetres of water. 
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ANGUS PILE ON REDUCED SCALE 
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SECTION, OF EXPERIMENTAL AREA 


ON LINE FROM ATOC 


(Porter and Brunton.) 


Montreal. 


Plans and elevation of Angus pile, 
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Table XLIX, p. 160, records not only the temperature observations at 
the bottom of the pipes, but also the surface temperature at the central 
station, observed at the same time. It will be noted that groups A and D 
did not heat appreciably. This might have been expected as they were 
very close to the edge of the pile and the external temperature was almost 
constantly below zero. On the other hand the inner groups and particularly 
group C in the unventilated portion heated very decidedly. The tempera- 
tures shown in the table are only those observed at the bottom of the pipes, 
and considerably higher records were observed at depths of from six to 
eight feet in spite of the fact that the pile was at this time covered with a 
foot or two of snow. 

Early in February a number of iron observation rods were driven into 
the unventilated portion of the pile particularly in the neighbourhood of 
group C, and on February 10 some of these were found to be hotter than any 
of the group C pipes; therefore additional pipes were driven to a depth of 
about ten feet at these points and daily observations were made until 
February 15 when the owners of the pile concluded that the heating was 
approaching the danger point, and the pile must be ventilated. On that 
day, therefore, the observation hut was moved from its original position 
M, to N, Fig. 62, and the whole of the heated portion of the pile was opened 
up by the usual method of driving two inch bars to the bottom and with- 
drawing them as explained on page 153. 


Aiea 


Detailed Observations of Heating in Angus Pile. 


(Porter and Brunton) 


Date Hep OmlOanats sie tae tse |) 20ue2 74) a MareG)) sOaeto 
BD ORE OS dar tee eae eye eA AAD G3 Soh eS 16 
«“ Tite, Soe 42 Tie ee lee Se ee ee Orta jee 
« tt ee 38 37 | 36 BO. 25 ke 
| PPS re Os. Bal Cn aR Maes, Ue! hr ane Rae AS Se eae ee [ictonta.. gals sstas. ey as rei ihe 
« {Og rkees oe ete Ms, Gal ee EEE US MURS 2” 1 eke oem es ere eee 
jE (Cte il eee a DAP ON eet ees 3 1100 eo0 a) we 18 100k ae 
¢ et RD Mino dot es. Ss Sl 25 aries ee Oa Si 28 Neth s e9 vs ee 
a rie eee (tei ee 19 BU Cet Pa Ree So ontgas “oo 
Bier nreeO (t..  ak i oF, SORIRS G8 1E 55 MIS SMNEO Onia4 Wile ee ae ro ee 
a A ee eg te, ak (aN Viehe | eee SS e448 b 39 1 30 23 22.119 
e LORS eee cee | eee eS Sere lo Be eek eee ee Bue 
Bie @OmeOits <9 Leaves ae 50 | 48 le 455) 49°) 42 | 31 26 19 ae 
a AT Rae tah Deedee Wind La be sag 3.9 ieee ae ee ele 
‘ Oat the ioc online cee mee ie 46 ger ce Oo enn Or Wo ae et Se i 3 
é ROR TET eek oe Se eke eee Tee) eke Gil c'2 eeee 


NOTE.—This portion of the pile was unventilated from December 10 until February 15, by, which 
time it had heated to such an extent that it was considered necessary to ventilate it in order to avoid fire. 
The ventilation holes were driven in the usual way on February 15, and the pile immediately began to 
cool off. 
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Table LI, p. 163, which gives a detailed record of the temperature at 
different depths in the group C pipes, shows that the result of this ventilation 
was an immediate and comparatively rapid cooling of the coal. 

From a scientific point of view it is to be regretted that the heating 
could not have been permitted to proceed further, if possible even to actual 
ignition, but the action of the owners of the coal was of course perfectly 
reasonable, particularly as the heating was in a part of the pile which would 
have been very expensive to dig out or flood. 

It is interesting to note that the above series of observations prove 
very clearly that the maximum heating was comparatively near the surface 
of the pile. Asa matter of fact the hottest points were apparently not more 
than five or six feet from the surface, although the weather at the time was 
extremely severe. The common opinion of practical men in charge of 
coal storage is that fires usually occur close to the bottom, but in this case 
it is almost certain that had the pile been left unventilated it would have 
ignited within a week or two at a depth of not over six feet, and in certain 
other cases which the author has observed, fires in large piles have actually 
originated at this depth. The probable reason is that in a pile of great 
extent and depth, the coal in the lower portions is so heavily compressed and 
so isolated from supplies of fresh air that it does not receive sufficient 
oxygen. It must be confessed, however, that the persons responsible 
for coal storage are not willing to act upon this theory, which, if followed 
to a logical conclusion, would lead to the storage of coal in very deep piles 
on ground impermeable to air. 


General Conclusions and Recommendations. 


It is clear from what has been said in the preceding pages that there 
is an enormous difference in the liability of coals to weather. This explains 
the fact that in spite of the very large amount of experimental work which 
has been done on the subject, authorities still differ considerably as to the 
causes and prevention of deterioriation. Almost every piece of experimental 
work which has been done has been upon specific coals, usually from a single 
district, and the conclusions arrived at have naturally referred primarily 
to these coals and only in a lesser way to coals in general. It is therefore still 
impossible to formulate any comprehensive rules for the prevention of 
weathering, but nevertheless it is desirable to attempt to close this section 
of the report with asummary statement of the opinions of the most com- 
petent authorities. 

The subject may be considered under two heads: first, mere deterior- 
ation or loss of calorific value; second, spontaneous combustion resulting 
in the actual destruction of the coal. 

As to deterioration due to exposure irrespective of fire, it is a very 
serious matter with lignite, ashas already been pointed out on pages 26, 
and 151, and lignites and lignitic coals cannot be stored more than a few 
weeks or months at the most without becoming almost valueless. Bitu- 
minous coals suffer less, but gas coals deteriorate sufficiently in respect of 
their gas producing qualities to make the question of long storage a serious 
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one in many cases. Exposure also rapidly decreases the coking qualities 
of many coals; this subject is considered again on page 172 and is discussed 
at length in the author’s “Coals of Canada,” but it isnot a matter of very 
great commercial importance as it is rarely if ever desirable to store coal 
for any length of time before coking. 

All coals but anthracite thus lose some of their calorific value on 
weathering, but with the exception of lignite and the lignitic coals above 
referred to, this loss rarely amounts to more than a few per cent of the total 
theoretical value, and fortunately the actual loss inservice is usually even less, 
as the most easily weathered constituents are generally speaking those which 
are largely lost as smoke in ordinary use. 

The most serious commercial damage which coal suffers in storage 
is due to the disintegration which results chiefly from the extra handling 
involved, but also in part from weathering proper, and in part from the crush- 
ing due to the weight of the superincumbent coal in storage piles. The total 
loss from these causes is usually very considerable, and as different coals 
differ greatly in strength, it is very well worth while for persons who have to 
store fuel, to experiment with the several coals available with a view to 
securing the one least liable to break up into slack. 

In the matter of actual prevention of fires it may be concluded that all 
coals except the true anthracites are liable to spontaneous combustion 
under very unfavourable conditions, but with the exception of the lignites 
and lignitic coals, storage of most coals is practicable in a commercial sense 
in temperate countries provided reasonable precautions be taken. These 
precautions may be briefly stated in order as follows:— 

1. Any coal can be safely stored under water, and if silt, etc., be ex- 
cluded little or no deterioration takes place. This method of storage is 
very costly, and it is, therefore, not practicable except as a last resort. 

2. Lump or screened coal except of the lignitic varieties can usually 
be stored with little or no danger. The size of the lumps is not ordinarily 
a matter of great importance so long as the screening devices ensure the 
complete removal of slack and dust. It must be noted, however, that 
unless lump coal is piled carefully and to small height a sufficient amount 
of crushing takes place to produce dust in the bottom of the pile. Owing 
to the cost of screening and the difficulty of disposing of the resultant slack 
this method is not generally practicable, and the following notes apply to 
where it is necessary to store run-of-mine coal or its practical equivalent in 
respect of fines due to secondary crushing, caused by rehandling. 

3. Coal stored in cold weather is much less likely to give trouble than 
that which is stored in summer, and in cases where summer storage is 
necessary, risk of heating is much less if the pile is built during cloudy or 
cool weather. In very hot climates, or with very susceptible coal, covered 
storage may be justified as a means of protecting the coal from the sun not 
only during piling, but afterwards, although the later exposure is less 
serious. 

4. Shallow piles are much less likely to give trouble than deep ones 
owing to their ample ventilation and the readiness with which they give 
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off any excess of heat. The critical depth depends upon the coal and the 
conditions at the time of its storage; some coals will fire if piled even 4 feet 
deep, but ordinarily from 8-10 feet is safe and many coals may be stored 
to much greater depth. } 

5. Some coals, particularly those high in sulphur, undoubtedly heat more 
readily if damp, and in such cases exposure to rain and particularly to 
alternate wetting and drying is probably harmful. In some cases covered 
sheds are considered justifiable on this ground. In other cases piles have 
been protected by covering them with a layer of slack or coal dust. 

In connexion with this question of rain it should be noted that the 
New South Wales Commission advocates wetting the coal thoroughly 
at the time of storage, the reference being particularly to ships’ cargoes, and 
while this is contrary to ordinary practice it is extremely probable that 
many coals would stand more safely if treated in this way. 

6. Ventilation either by the means described on page 152, or by the 
insertion of numerous perforated pipes is no doubt the most practical 
method of preventing fires, and by its use storage piles can be made larger 
and higher than otherwise. This method has been so fully discussed that 
it need not be further dealt with here. 

7. Chemical treatment has proved successful in some cases. The 
material used is commonly either a solution of calcium chloride or of some 
other cheap hydroscopic salt. Several experimenters and com- 
mercial concerns state that they have found it effective to sprinkle the coal 
pile freely with a 10 per cent solution of calcium chloride. The cost of this 
treatment is possibly less than that of ventilation by the method referred to, 
but whether it is equally effective remains to be determined for each par- 
ticular case. 

8. Whatever method is used, and particularly in cases where no method 
of prevention is employed, a storage pile should be watched carefully, par- 
ticularly for the first few weeks after it is built. Probably the simplest. 
way of doing this is to have a large number of sharp pointed iron rods 
about one inch in diameter driven into different parts of the pile and left 
for a few hours, and then to shift them to other parts. An experienced 
man can very easily judge by handling the rods whether there is any undue 
heating, and a comparatively small amount of labour suffices for the ob- 
servation of a large storage pile. If heating is observed it can be watched 
by driving pipes into the heated spots and using thermometers as already 
described. If the heating increases to a point approaching that of “‘auto- 
genous oxidation” the pile should be ventilated or if necessary dug out or 
flooded. Among practical men there is a very strong prejudice against 
flooding, but probably this is not often justified. In place of flooding 
the use of sulphur dioxide gas or carbonic acid gas has been advocated. 
These gases are purchasable under high compression, and can be forced into 
the body of the pile by means of pipes driven down into the heated portion. 
Coal mine fires have been extinguished by this means, and it has also been 
used on board ship, and it undoubtedly would be effective in ordinary 
storage if the gas were used freely. 
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CHAPTER VII. 


THE EFFECT OF SLOW WEATHERING ON THE COMPOSITION 
AND CALORIFIC VALUE OF COAL, WITH ESPECIAL 
REFERENCE TO CERTAIN CANADIAN 

ChE iaAGlOuUS GOALS: 


Under ordinary present day conditions very little time is lost between 
the mine and the furnace. Circumstances which have already been dis- 
cussed of course necessitate the storage of reserve supplies, etc., and the 
aggregate amount of such supplies is very great, but a far greater part of 
the world’s coal is now mined by quick recovery methods and once mined it 
is hurried to the consumer to be burned and ‘“‘turned into power.’ Even 
the stored coal is rarely kept more than a few months or at the utmost a 
year, and on the whole, therefore, coal has not time to weather to any 
great extent, and if we omit the lignites we may say that in a commercial 
sense coal does not suffer much loss from such weathering as it ordinarily 
gets, and that our great concern with the matter is due to the risk of fire and 
total destruction rather than to mere calorific deterioration, etc. 

The problem of slow weathering is, however, of considerable scientific 
interest, and is also of some practical importance as a means of enabling 
us to predicate the character of the deeper parts of a coal seam from the 
samples of weathered coal discovered at the outcrop. 

In 1865 Fleck! investigated the nature of the changes which occur 
when coal is weathered. In 1856 a large quantity of each of six kinds of 
Saxon coal had been sampled and analysed. The remainder of the samples 
in lumps were kept until 1865 in a case at the Polytechnic Institute in Dres- 
den, where they were again sampled and analysed by Fleck. The results 
of these analyses are shown in table LII. 

It will be seen that the percentage of ash is very much larger in the 
samples which had been stored for nine years. The matter constituting 
the ash could not have increased by oxidation to any such extent, (in 
some cases about 18 percent), it must therefore be inferred that the 
samples analysed in 1865 did not contain the same proportion of inorganic 
matter respectively as those analysed in 1856, and while weathering un- 
doubtedly caused part of this change, bad sampling must be responsible for 
the rest. It is therefore impossible to draw any trustworthy conclusions 
from the analyses as they stand. There is very good reason to believe, 
however, that. while inorganic matter is frequently unequally distributed 
through a seam of coal, the organic matter in that seam is much less subject 
to variation in chemical composition. If this be so, conclusions may safely 
be drawn from Fleck’s figures recalculated to show the percentage composi- 
tion exclusive of ash, that is carbon, hydrogen, oxygen and nitrogen, 


1 Die Steinkohlen Deutschlands, etc. Vol., 2, 1865, p. 221. Quoted Percy Metallurgy-Fuels, 1875, pp. 290-2. 
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disposable hydrogen and non-disposable hydrogen. This has been done 
and the figures show that in every instance the proportion of disposable 
hydrogen had decreased, while the proportion of the non-disposable hydro- 
gen had increased relative to the amount of carbon. His analyses do not 
give the amount of oxygen in the samples, but it is clear that weathering 
must have increased the percentage of this element very materially, the 
coals must, therefore, have suffered a considerable loss of calorific value 
during the nine years which elapsed between the two series of analyses. 
Parr and Wheeler whose work on the oxidation of coal in storage has 
been described at considerable length on page 69 et seq., secured samples 
of old outcrop coal, pillar coal, and storage piles of unusual age, and deter- 


mined the loss in calorific power. Their results are set forth in Tables 
trigends LIV. 


ADE wists 


Analyses of Pillar Coal and Outcrop Coal compared with Fresh Coal. 


(Parr and Wheeler 


otaley Dry coal. | Barhus Decrease. 
Description. mois- | | referred | 
ture. (o actual) | 
Ash. |Sulphur.|B.Th.U.| or unit |B.Th.U. (her cent 
Coalena | 


ST. CLAIR County, ILLINOIS. 


ei Oe Onin loc 0. 4-76 | 12,202 | 14,896 | — i 
Pillar coal. | | | 
(Exposed 22 years). PietO 1S too! Se Oi 1e797 1 149489 eecee eee ris: 
GALLATIN County, ILLINOIS. 
Bre stCOa) niece aa. | met 47 P1085 oie 32.72 SOR Se RS sical 
Pilet Coal... | | | | ¢ 
(Exposed 27 years. ) 4-76 | 17-84 Cros elo 514 | 14 857 276 1-82 
PrEorIA County, ILLINOIS. 
Hiv esiicoala a weer bel S867) 216-25 f.. 3201 127044 | 14;757 ae = 
Outcrop slightly cover- 
Sev TELSOLL os. Ome kee 29-81 16-86 0-85 ORS 7 NP LIAS L S5420c) 23.021 


VAY) 


TABLE LIV. 


Analyses of Fresh and Stored Coal. 
(Parr and Wheeler) 


Commonwealth Edison Company, Chicago. 


Berne 
Dry coal. referred Decrease 
Sample taken. Ito actual 
or unit 
Ash. |Sulphur.| B.Th.U.| coal. B.Th.U. \Per cent. 
FRANKLIN County, ILLINOIS. 
Nut Coal. 
April 19083 etre aaa 10-16 1-81 | 13,021 [ 14,688 — — 
july 1451000 ee ee 10-44 2-15 | 12,924 | 14,642 46 | 0-31 
WILLIAMSON COUNTY AND FRANKLIN County, ILLINOIS. 
Egg Coal. 
‘April, 1908 See ee ee eee [10-07] 2°35) 12,909 | 14,728) — = 
July 141900 Re we eee ee 11-49 {> 847) 1209771145509 169 | 1215 
WILLIAMSON CouNnTY, ILLINOIS. 
No. 1 Washed Nut. 
April, 1908 ste eee teehee scr | 9-21 ie SP ae S se 205ae1 47 26 — SAS 
July 14, Aik lee ieee 9-43 1-72 |.13,008 | 14,540 186 1-26 


A number of experiments were made to determine the loss of calorific 
value of certain Illinois coals due to weathering. A table of analyses com- 
piled from curves shown in a paper by Parr and Hamilton! is given below. 


TABUESIEN? 
Analyses of Fresh and Stored Coal. 


(From Parr and Hamilton) 


Vermilion County No. ‘7’? Coal—Oakwood Nut and Slack—Calorific Power 14, 
one day after mining. 


410B.Th.U. 


Time of exposure in Outdoor Drv storage at; Wet? storage at Submerged 
months. exposure. 85°-110°F. 85°-120°F. ate/ 0 ane 

3 ty, “Cee eee 14,200 14,050 14,150 14,400 
5 hate ee mee nwa 14,050 13,800 14,000 14, 400 
YP PR CR ats Peony 14,150 1 SeeTo 13,950 14,400 
Oe ee ere ae eee erat 14,025 13,900 14,025 14,400 


Christian County No. ‘‘5’’ Coal—Pana Nut and Slack—Calorific Power 14,220 B.Th.U. 


three weeks after mining. 


Bi See en kee 14,200 14,040 14,080 
Soi ee cee 14,190 13,920 13,990 
ee eM Tee es. 14,170 13,950 13,540 
Oceana ney, ane 13,990 14,080 13,880 


14,180 
14,150 
14,100 
14,130 


Perry County No. ‘6’ Coal—Du Quoin Lump broken to Nut—Calorific Power 14,930 


B.Th.U. one week after mining. 


3. , UM Sere te oie 14,450 145550 ata ae ee 
ee ey er 14,130 1d 300s eee 
7. EA eee ae 14,020 14.2600 een ee 
9 hu th male wares 14,080 14320 eee 


14,930 
14,930 
14,930 
14,920 


1 Univ. of Illinois. Eng. Expt. Station, Bull. 17, 1907. 
2 “Drenched with water two or three times a week.”’ 
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These figures show that outdoor exposure involves a loss of calorific 
value of from 2% to 8%. Dry (i.e. covered) storage shows no advantage 
over storage in the open except in the case of high sulphur coals where the 
oxidation of the pyrite would cause a large disintegrating effect. In most 
cases the losses appear to be practically complete in five months. Sub- 
merged coals show practically no loss of calorific value. 

Some figures are given in the Illinois State Geological Survey year book 
for 1907 showing the loss of calorific value of coal samples due to weather- 
ing. Some of the samples were analysed by the Illinois State Geological 
Survey and others by the United States Geological Survey, but the methods 
of analysis were the same in both cases. 

Seventeen Illinois State samples which had been six months in the 
laboratory showed anaverage lossof 365 B.Th.U. or 2-5%of the calorific value 
as determined from 8 United States Geological Survey samples analysed 
soon after collection. Another lot of 17 samples analysed six months to 
one year after collection showed an average loss of 365 B.Th.U. or 2.4% of 
the calorific value as determined in the same laboratory from 16 samples 
analysed within two weeks of their collection. 

White!, in a very valuable critical study of the numerous and trust- 
worthy ultimate analyses of coal made by the United States Geological 
Survey in connexion with their investigation of the fuels of the United States, 
proves conclusively that, “oxygen and ash are of very nearly equal anticalor- 
ific value,”’ and that “‘the calorific value of coals in general is essentially indi- 
cated by the balance between the total carbon, on the one hand, and the sum 
of the two great impurities, oxygen and ash, on the other, the hydrogen, nitro- 
gen, and sulphur being usually negligible, as constants.” In other words, that 
oxygen, even when an essential, i.e. original constituent of coal, is, in a 
practical sense, so much additional dead matter or ash, and should be so 
considered in estimating the usefulness of the coal as fuel. 

He tabulates all trustworthy analyses from all parts of the United 
States, and from these figures draws a curve which has been reproduced as 
Fig. 63. In this diagram, the carbon and oxygen plus ash ratios form the 
horizontal, and the observed calorific values the vertical component, and 
of all of the 320 odd analyses tabulated, ranging from a sample of peat with 
31% of oxygen, to some very high grade semi-bituminous coals and anth- 
racites from West Virginia and Pennsylvania, none depart materially from 
a very clear and narrowly defined curve, and few, except weathered samples 
and cannels, depart by more than a fraction of one per cent. White further 
points out that if the analyses and calorific values are recalculated to a mois- 
ture free basis, the results again fall into a similar and equally clear curve. 

The case of the cannel coals need not be discussed here; but White 
points out that the weathered coals invariably show marked calorific 
deficiencies, and low hydrogen-oxygen ratios. 


14 “The effect of oxygen in coal.’’ Bull. 29 U. S. Bureau of Mines 1911, pp. 1-80. Reprint from 
U. S. G. S. Bull. No. 382, 1909. 

B ‘‘The Origin of Coal.’”’ Bull. 38, U.S. Bureau ot Mines, 1913, pp. 1-304. 

2 Variances ‘‘on account of the neglected constants—hydrogen, sulphur, and nitrogen 
2 per cent, unless in cannels, anthracites and weathered coals.’’ Ibid, p. (pk 


—are rarely over 
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White then studies the weathered samples by themselves, and finds - 
that many of the more unstable coals weather quite appreciably, even in 
place underground if comparatively near the surface, and that even less 
susceptible coals begin to absorb oxygen as soon as opened up by mining 
operators, and he concludes that cases of absorption of from 10% to even 
20% of oxygen may be considered “neither extraordinary nor even unusual”’ 
+n semi-bituminous coals, and that lignites and peats may suffer still more. 
Table LVI shows two typical analyses selected by White, of cretaceous coal 
fromnear Fort Steel, Wyoming. Analysis A represents an unweathered sample 
from underground near the foot of a shaft; B the same sample recalculated 
to show the effect of the hypothetical addition of 10% of oxygen, and C 
the actual analysis of a weathered sample of the same coal from near the 
surface at an outcrop. 


TABEEVEV 1: 


Comparison of Fresh and Outcrop Coals to show Effect of Weathering. 
(White) 


| Mois- | Curve 
No. > H e O Ash d@ture? ¢h=C-aiti. ©): Av.H., Cal. | Error 
A 0-85 | 5-16 63-57 22-0515 3-80 1a8=70 0455 2308 24525) 2-02 | 6310 | +30 
B 0-77 | A= FO 10/80 0129 10) 3746 7-91 — — — | 5/36 — 
C 02311) 4:90 159-86 120-39. 4719) 0-34 Us5-57) 18cm Ie 23 | 5636 | —219 


In connexion with his study of the effect of oxygen, White considers 
the matter of coking, and calls attention to the fact that nearly all coking 
coals have a dry basis hydrogen-oxygen ratio of at least 55 per cent, and good 
coking coals 59 per cent or over up to the beginning of anthracitization. 
This conclusion is of special interest in relation to the effect of weathering 
on coking qualities.!. White has found as already stated that weathering 
materially lowers the hydrogen-oxygen ratio, and as suitability for coking 
decreases rapidly as this ratio falls below 59 per cent, it is easy to see that a 
relatively small amount of weathering may produce a profound effect on the 
coking qualities of a coal in which this ratio is close to this limit. 


* The Coals of Canada. J. B. Porter and others—Vol. I, pp. 220-1, and Vol. VI, pp. 26-7. 
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Porter, de Hart, and Billington’s Studies of Old Samples of 
Canadian Coals. 


In connexion with the author’s investigation of Canadian coals it 
seemed desirable to carry out a series of analyses in parallel with those of 
Fleck and White just quoted, and thanks to the generosity of the Director 
of the Geological Survey, portions of nine official samples of western coals, 
chiefly from Alberta, were obtained from the Victoria Memorial Museum at 
Ottawa. Three of the samples, Nos. 7-9, were taken in 1910-11 in such a 
way as to represent weathered, slightly weathered, and unweathered coal 
from the same seam. The other samples Nos. 1-6 were much older and had 
been analysed and their calorific value determined thirty years ago by Dr. 
Hoffmann, at that time Chief Chemist to the Geological Survey. All nine 
samples were carefully analysed in 1912 by J. B. de Hart and E. E. Billing- 
ton, research assistants of the author, and the following statement of results 
and conclusions is largely drawn from Mr. de Hart’s report on this work. 


Samples 1-6 were first studied. They were collected by members of 
the staff of the Geological Survey in 1881-1882 and portions were analysed 
at the first convenient opportunity, while other presumably similar portions 
were deposited in the Survey Museum. All were cretaceous coals from 
western Canada, one being a typical bituminous coal from Nanaimo, 
Vancouver Island, and the others lignitic coal, and bituminous coal proper 
from different parts of the Belly River and Eastern Crowsnest Pass coal 
fields of Southern Alberta. 

Hoffmann gives detailed descriptions of the several coals, and tabulates 
the results of his analyses in detail in his report on the work of the Geologi- 
cal Survey laboratory.1 He also gives details of his methods, and while 
more recent experiments have led chemists to adopt somewhat different 
methods as standard for coal analysis,? it is interesting and satisfactory 
to note that everything points to Hoffmann’s great skill and to the sub- 
stantial accuracy of his results. 

The samples as obtained from Ottawa in 1912 by the author were as 
far as possible representative of the coals as they were exhibited in the 
museum, partly lump and partly fines. Each was ground to pass through 
100-mesh and riffled down to about 10 grammes. The calorific values of 
all nine samples were determined and both proximate and ultimate analyses 
were made. All the determinations were made in duplicate. 

The analyses were carried out in the Mining Department at McGill 
University exactly as described in ‘‘The Coals of Canada” volume II, page 
133, et seq., except as noted below :— 


Fixed Carbon and Volatile matter. The only difference between the 
method used and that given in the above mentioned report is that porcelain 
crucibles were used instead of platinum crucibles. 


1 Annual Report Geol. Survey of Canada 1882-4, part M. Coals and Lignites of the North West Territory 
by G. C. Hoffman, pp. 1-43 and 3 tables. 1s. 
2 The Coals of Canada, J. B. Porter and others—6 Vols. Dept. of Mines, Ottawa, 1912. Vol. II, p. 134. 
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Carbon and Hydrogen. For these determinations sulphuric acid 
absorption trains were used, the drying train comprising suitable vessels 
containing: (1) sulphuric acid, (2) soda lime and calcium chloride, (3) 
potassium hydroxide solution, (4) sulphuric acid (next the combustion 
tube), while the absorption train comprised: (1) sulphuric acid (next the 
combustion tube), (2) potassium hydroxide solution and calcium chloride, 
(3) sulphuric acid, (4) sulphuric acid. The last sulphuric acid bottle was 
used to prevent any moisture diffusing back from the aspirator bottles. In 
all other respects the method was similar to that given in the Coal Report.’ 

Nitrogen was determined by Kjeldahl’s method. The only difference 
between the method used and that described in the Coal Report was that no 
mercury was added and consequently it was unnecessary to add sodium 
sulphide.” 

The calorific value determinations were made with a Berthelot-Mahler 
calorimeter.2 The temperatures were read as in the determinations 
made for the Coal Report! except that an ordinary thermometer graduated 


(Porter and de Hart.) 
Fic. 64. Thompson calorimeter. 


to #) of a degree was used instead of a Beckmann thermometer: this 
thermometer was read by means of a telescope. The calculations were 
made as in the Coal Report’. 


The water equivalent of the calorimeter was determined indirectly ~ 
by testing a coal whose calorific value had already been determined on the 
Koehler calorimeter. The method used in determining the water equiva- 
lent of the latter and the method of making all calculations is described 
in the Coal Report® and need not be repeated. 


ciee Coals of Canada, J. B. Porter and others, 6 Vols., Dept. of Mines, Ottawa, 1912, Voll ip aelsos 
2 bid. p. 147. 
3 This apparatus which is described by Thwaite in Journ. Iron and Steel Institute for 1892 is substantially 
identical with the Koehler Calorimeter referred to in the report cited. The Koehler apparatus is, however, 
slightly better in some features of its design. 

4Tbid. p. 143. 

5 Ibid. pp. 151-3. 

6 Ibid. pp. 151-4. 
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Hoffmann determined the calorific value of his coals in 1882-3 with the 
Thompson calorimeter. (See Fig. 64.) This apparatus consists of a glass 
vessel A, graduated to contain 2000 grammes of water, a copper cylinder B, 
capable of holding 2 grammes of coal and the necessary amount of fusion 
mixture, a brass base C, on which the cylinder is placed, and a copper 
cylinder D, with a row of holes round the bottom and a pipe with a stopcock 
S leading out of the top. 

It is obviously impossible to determine the exact amounts of the errors 
in Hoffmann’s determinations due to the use of this comparatively crude 
calorimeter, particularly as no figures are available as to the amount or 
composition of the fusion mixture used by him, or as to the exact correction 
which was made to compensate for “‘losses’’. In order, however, to get some 
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Fic. 65. Berthelot-Mahler calorimeter. 


idea of the value of his figures, the identical calorimeter used by him was 
obtained from Ottawa by the courtesy of Mr. F. G. Wait of the Mines 
Branch, and the calorific value of a coal which had already been determined 
by. the Berthelot-Mahler calorimeter, (Fig. 65) was re-determined by means 
of this Thompson instrument. 

The fusion mixture recommended for the Thompson calorimeter in 
the text books is 3 parts of potassium chlorate to 1 part of potassium nitrate, 
but this mixture was found to be so fusible, that a crust formed on the top 
and a portion of the mixture did not burn. Hence it was necessary to use 
less potassium nitrate, which is the more fusible of the two salts, and a mix- 
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ture of 17 parts of chlorate and 3 of nitrate was successfully employed. 
Two grammes of finely ground coal were mixed with 20 grammes of this 
fusion mixture and the whole transferred to the copper cylinder, a small 
amount at a time, the whole being packed down evenly. About half an inch 
of fuse was inserted in the top. This fuse was prepared by soaking a 
thread of ordinary cotton wick in a strong solution of potassitum nitrate and 
then drying it. The copper cylinder was then placed in the stand and the 
large cylindrical copper cover put on. The whole was put into the glass 
vessel and moved up and down to thoroughly stir the water. 


The temperature of the water was then taken and the cylinder and stand 
taken out. The outside cylinder was quickly removed, the fuse lighted, the 
cylinder replaced and the whole immersed in the water. When the com- 
bustion was complete the stopcock was opened, the water stirred, its 
temperature observed, and its maximum rise recorded. 


All the copper parts of the apparatus were weighed and their water 
equivalent calculated. The calorific value was taken as being equal to:— 


(W+w)t 
ee 
Cc 
W = weight of water taken in grammes. 
w = weight of water equivalent to the copper parts. 
c = weight of coal taken in grammes = 2 in this case. 
t = observed rise in temperature in degrees Centigrade. 


w! = theoretical heat evolved by the burning of the fusion mixture. 


Two experiments with the Thompson calorimeter were run on the same 
coal; they checked fairly well and the mean of the results was near enough 
to the value as determined by the Berthelot-Mahler instrument to give 
satisfactory evidences as to the substantial accuracy of Hoffmann’s work. 


Table LVII, p. 179, gives the results of both Hoffmann’s and de Hart’s 
analyses and calorimetric determinations, and also the theoretical calorific 
powers as calculated from the ultimate analyses. . 

The analyses made by Hoffmann do not show oxygen and nitrogen 
separately, but give percentages of oxygen + nitrogen. In order to be 
able to compare these analyses with de Hart’s results two assumptions have 
been made: (1) the nitrogen has been assumed to have remained constant 
in amount, and (2) the coal has been assumed to have remained constant in 
weight. 

The first of these assumptions is probably not very far from the truth, 
and as the amount of nitrogen in the coal is small compared with the oxygen, 
very little error will be introduced by it. The second assumption is 
justifiable if an attempt is made to estimate the percentage of nitrogen in 
Hoffmann’s analyses. Some experiments were made in 1907 at McGill 
University, by Edgar Stansfield, on changes in weight of laboratory samples. 
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These samples were ground to pass through 30-mesh and were spread out in 
trays and left exposed to the air in a dust proof case. The trays were 
weighed from time to time for three years and while appreciable changes 
were noted, they were all very small in amount. This experiment is 
taken as sufficient ground for the second assumption!, which is further justi- 
fied by the fact that the Museum samples were lumps over 2 inch in diameter 
instead of dust, and would consequently change at a much slower rate. 


The necessity of making somewhat questionable assumptions as above 
in comparing analyses would be overcome if some substance in coal were 
found to be absolutely unaffected by weathering. It is quite probable 
that nitrogen or phosphorus may remain almost absolutely constant, but 
this fact has not yet been positively determined. It has been suggested 
that when samples are to be tested for weathering a known weight of gold 
dust should be mixed with the coal. Analyses and assays made before and 
after could then be compared with perfect confidence. The fatal defect 
in this method is the fact that it would be impossible to mix the gold dust 
evenly through the material and, therefore, assays of the samples taken 
before and after the test would be misleading. 


Descriptive list of samples analysed. 


No. 1 Bituminous Coal—Newcastle seam Wellington mine, Nanaimo, 
Vancouver island, B.C. 
Seam 6 to 10 ft. thick. Sampled 1875 by Dunsmuir and Co. 
(Hoffmann, No. 33, p. M. 37, Ann. Rep. C. G. S. 1882-4.) 


No. 2 Lignitic coal—main seam at Coal Banks, Belly river, Alberta. Now 
Sheran’s mine, Lethbridge. 
Seam 54 ft. thick. Sampled 1881, G. M. Dawson. 
(Hoffmann, No.26, p. M. 30, Ann. Rep. C. G.S. 1882-4.) (See also 
Dawson, Ibid, p. 70C). 


No. 3 Bituminous coal—upper seam middle fork Oldman river, Alberta. 
Now Lundbreck mine. 
Seam 3 ft. thick. Sampled 1881, G. M. Dawson. 
(Hoffmann, No. 30, p. M 34, Ann. Rep. C. G. S. 1882-4.) (See also 
Dawson, Ibid, p. 101C). 


No. 4 Bituminous coal—lower seam, middle fork Oldman river, Alberta, 
Now Lundbreck mine. 
Seam 3 ft. thick. Sampled 1881, G. M. Dawson. 
(Hoffmann, No. 31, p. M 35, Ann. Rep. C. G. S. 1882-4.) (See also 
Dawson Ibid, p. 101C). 


1 This second assumption, although convenient for the reasons given above, 1s Sapa eee a le 
LVIII shows the carbon to have remained surprisingly constant when calculated to oie sig ms! se < 
fore the total weight including oxygen could not have remained constant. It would sate: a ee 
have assumed the nitrogen to have remained constant in the oxygen-ash-sulphur-moisture tre : 
case, however, any error introduced is trifling. 
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No. 5 Bituminous coal—Upper Belly river, 253 miles above mouth of 
Waterton river, Alberta. 
Seam 1 foot thick. Sampled 1881, R. G. McConnell. 
(Hoffmann, No. 32, p.M 36, Ann. Rep. C. G. S. 1882-4.) (See also 
McConnell, Ibid, p. 61C). 


No. 6 Bituminous coal—Mill Creek, Alberta. Outcrop 4 miles above 
mill. Seam 8 to 9 ft. thick. Sampled 1882, G. M. Dawson. 
Hoffmann, No. 35,p. M 40, Ann. Rep. C. G. S. 1882-4.) (See also 
Dawson, Ibid, p. 99C). 


No. 7 Bituminous coal—Tunnel seam Jasper Park colliery, Alberta. Out- 
crop one-half mile from tunnel. Sampled 1910 D. B. Dowling. 
(See C. G. S. Summary Reports 1910, pp. 163-4, and 1911, p. 218). 


No. 8 As above, but sample taken in shaft 30 feet from surface. 


No. 9 As above, but sample taken Sept. 1911, in tunnel at distance of 1900 
feet from entrance. 
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Summary and Conclusions. 


A comparison of the ash determinations shows discrepancies which 
can only be explained by imperfect sampling. This was expected and was 
unavoidable as it was not permissible to destroy the whole of the Museum 
samples and therefore fragments had to be taken of which the best that can 
be said is that they were as nearly representative as possible. Fortunately, 
however, it has been proved by Lord that the organic constituents of any 
particular coal are very nearly constant throughout an extensive area, 
even where different samplings show large variations in the proportion of 
ash. If, therefore, we recalculate Table LVII on a pure coal basis, elimin- 
ating ash and moisture, or ash, moisture and oxygen, we have good ground 
for believing that comparison of Hoffmann’s and de Hart’s analyses will be 
much more trustworthy than if made directly on the original data. The 
result of this recalculation is shown in Table LVIII, but it should 
be noted that it has not been considered worth while to recalculate the 
proximate analyses. 

A study of Tables LVII and LVIII shows, as might have been expected, 
that weathering has decreased the percentage of carbon in every case, 
while the percentage of oxygen has increased in every case. The question 
arises as to whether the decrease of carbon is due to actual loss of carbon 
in the form of carbon dioxide, etc., or merely to the greater weight of the 
sample because of its absorption of oxygen. If it were due to the latter 
cause alone the carbon would be constant when recalculated on an oxygen 
free basis. Table LIX was therefore calculated, and it shows rather sur- 
prising constancy in the carbon contents. It is true that some coals show 
increases and some decreases, but the variations are so small that they 
can easily be accounted for by the fact that, as above explained, the sampling 
was not above reproach. In view of this it is unsafe to draw any definite 
conclusions, particularly as the samples were few in number. 

The available hydrogen like the carbon, shows changes varying from 
an increase of 0-71% to a decrease of 0-86. It is quite possible that the 
trouble again lies with the sampling, but these variations are interesting, and 
it is worthy of note that they are virtually nil when the carbon remains un- 
changed, but become considerable and always in a contrary sense where the 
carbon changes are at all considerable. 

The losses in calorific power (Table LVIII) show variations from 
5:7% down to almost nothing. Since the figures are on a basis of organic 
coal free from sulphur, ash, etc., the above loss must be an actual organic 
loss; in other words, a certain proportion of the carbon and hydrogen have 
actually disappeared in weathering as was to have been expected. In this 
connexion it should be noted that the largest decreases are in the mine 
sample No. 1, and the narrow seam No. 5; suggesting that the outcrop 
coal had already suffered the main part of all possible weathering before 
being sampled in 1882. 

Table LX gives the results of a series of analyses of coals Nos. 7, 
8, and 9, which were dealt with exactly as were coals Nos. 1 to 6. These 
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last three samples were all relatively recent, and we have no data to show 
what changes they have experienced since being taken, but when the samples 
were collected an especial attempt was made to secure three lots of material 
which would typify (a) natural outcrop, i.e., coal which had experienced 
full natural weathering for a very long period of time; (b) shallow coal, 
which while covered was yet within the zone of slight natural weathering, 
and (c) deep and hence unweathered coal. | 

Except as regards weathering the three samples were chosen to be as 
nearly as possible identical, and there is every reason to believe that they 
were originally virtually identical except in the matter of ash and moisture. 
In Table LXI, these constituents including also sulphur have been elimin- 
ated, and we thus have an apparently trustworthy indication of the effect 
of long continued weathering under natural conditions. 

A study of these last tables, LX and LXI, and particularly the latter 
one, confirms the conclusion drawn from the three preceding tables, namely, 
that weathering, and especially natural weathering in place over very long 
periods of time, results in a marked decrease in carbon and available hydro- 
gen and a corresponding decrease in calorific value, and that the change 
is accompanied by a large increase in the amount of oxygen. 

FADE Eels 


Analyses and calorific values of samples from Jasper Park seam. 
(Porter and de Hart) 


Coal No; i 8 9 
Dero otesainpling aAthnine tame. . =sne a 1910 1910 1911 Er 
Proximate analysis 
RLOlchUren sateen: en Sat hata doo Day 0-69 0-39 
NiglatilesMatter, «5565 n.tend tee 6 tes J 18-80 16-25 ee 
tae CATO Le Mew nts en eee Zo ee 78:27 67-04 
SUIT og ghee cage PRR Rata arr ae Cc Jo Zhe 4-80 18-85 
Ultimate analysis 
EFL NOLL ce Mae Rees ene ear eee Hor e\) 230226 83-84 7903 
PUVOROGE Iter ee oe sare ence shin iste tray % 2-56 4-77 3.81 
SO OT MNR seg See see aes eas Ng eal Zo | ae 4-06 Bei4 
Nitrogen.. Nene : 120 Pode 
(Oxygen and 1 nitrogen) . Be 0 13-95 5-26 4.24 
Sulphur. . Rie Paes. peat oy 0-35 0-65 0-68 
TNS iy acon cae ee aa ee ae ee era Zo 2 = 4-80 18-85 
DL SOUN Crt hon tanto eee pulse, 20 See, 0-68 0-39 
Calorific value _ 
Determined—B.Th.U. per lb.. 8,392 14,465 12 ,447 


(WA BIE Gx. 
Analyses recalculated to ash, moisture and sulphur free basis. 


(Porter ard de Hart) 


Carbon 
% 


75-40 
89-37 
89-90 


Hydrogen} Oxygen Nitrogen Available | B.Th.U. per 
| hydrogen Ib. “pure 
% % % % coal” 
3-84 19-61 1-29 1-65 12,414 
5-08 4-32 1-28 4-60 15,390 
4-75 3-90 | 1-39 4-31 15735 
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Magnetometric survey, vertical intensity: Calabogie mine, Bagot 
township, Renfrew county, Ontario—by FE. Nystrom, 1904. 
Scale 60 feet to 1 inch. Summary report 1905. (See Map No. 
249.) 


Magnetometric survey of the Belmont iron mines, Belmont township, 
Peterborough county, Ontario—by B. F. Haanel, 1905. Scale 
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Summary report, 1906. 
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Magnetometric survey, vertical intensity: lots 2 and 3, concession 
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Fréchette, 1909. Scale 60 feet to 1 inch. (See Maps Nos. 191 
and 191a.) 


Magnetometric survey, vertical intensity: lots 10, 11, and 12 con- 
cession IX, and lots 11 and 12, concession VIII, Mayo township, 
Hastings county. Ontario—by Howells Fréchette, 1909. Scale 
60 feet to 1 inch. (See Maps Nos. 191 and 1914.) 


Survey of Mer Bleue peat bog, Gloucester township, Carleton county, 
and Cumberland township, Russel county, Ontario—by Erik 
Nystrom, and A. Anrep. (Accompanying report No. 30.) 


Survey of Alfred peat bog. Alfred and Caledonia townships, Prescott 
county, Ontario—by Erik Nystrom and A. Anrep. (Accom- 
paying report No. 30.) 


Survey of Welland peat bog, Wainfleet and Humberstone townships, 
Welland county, Ontario—by Erik Nystrom and A. Anrep. 
(Accompanying report No. 30.) 


Survey of Newington peat bog, Osnabruck, Roxborough, and Cornwall 
townships, Stormont county, Ontario—by Erik Nystrom and A, 
Anrep. (Accompanying report No. 30.) 


Survey of Perth peat bog, Drummond township, Lanark county, 
Ontario—by Erik Nystrom and A. Anrep. (Accompanying 
report No. 30.) 


Survey of Victoria Road peat bog, Bexley and Carden townships, 
Victoria county, Ontario—Erik Nystrom and A. Anrep. (Ac- 
companying report No. 30). 


Magnetometric survey of Iron Crown claim at Nimpkish (Klaanch) 
river, Vancouver island, B.C.—by E. Lindeman. Scale 60 feet 
to 1 inch. (Accompanying report No. 47). 


Note.—1. Maps marked thus * are to be found only in reports. 


Maps marked thus have been printed independently of reports, hence can 
be procured separately by applicants. 
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Magnetometric survey of Western Steel Iron claim, at Sechart, 
Vancouver island, B.C.—By E. Lindeman. Scale 60 feet to 1 inch. 
(Accompanying report No. 47.) 


Iron ore occurrences, Ottawa and Pontiac counties, Quebec, 1908—by 
J. White and Fritz Cirkel. (Accompanying report No. 23.) 


Iron ore occurrences, Argenteuil county, Quebec, 1908—by © Heitz 
Cirkel. (Accompanying report No. 23.) Out of print. 


The productive chrome iron ore district of Quebec—by Fritz Cirkel. 
(Accompanying report No. 29.) 


Magnetometric survey of the Bristol mine, Pontiac county, Quebec— 
by E. Lindeman. Scale 200 feet to 1 inch. (Accompanying 
report No. 67.) 


Topographical map of Bristol mine, Pontiac county, Quebec—by E: 
Lindeman. Scale 200 feet to 1 inch. (Accompanying report 
INO: 56/4) 

Index map of Nova Scotia: Gypsum—by W. F. Jennison. (Accom- 

Index map of New Brunswick: Gypsum—by W. F. Jenni- peel 


son. 
Map of Magdalen islands: Gypsum—by W. F. Jennison.. .. No. 84). 


Magnetometric survey of Northeast Arm iron range, Lake Timagami, 
Nipissing district, Ontario—by E. Lindeman. Scale 200 feet to 1 
inch. (Accompanying report No. 63.) 


Brunner peat bog, Ontario—by A. Anrep. 


Komoka peat bog, Ontario— ete ae 
Brockville peat bog, Ontario— “ “ No 71) 
Rondeau peat bog, Ontario— ne) 

Alfred peat bog, Ontario— Pe Ne: ae 


Alfred peat bog, Ontario, main ditch profile—by A. Anrep. 


Map of asbestos region, Province of Quebec, 1910—by Fritz Cirkel. 
Scale 1 mile to 1 inch. (Accompanying report No. 69.) 


Map showing Cobalt, Gowganda, Shiningtree, and Porcupine districts 
—by L. H. Cole. (Accompanying Summary report, 1910.) 


General map of Canada, showing coal fields. (Accompanying report 
No. 83—by Dr. J: B. Porter.) 


General map of coal fields of Nova Scotia and New Brunswick, (Ac- 
companying report No. 83—by Dr. J. B. Porter.) 


General ‘map showing coal fields in Alberta, Saskatchewan, and 
Manitoba. (Accompanying report No. 83—by Dr. J. B. Porter.) | 


Note.—1, Maps marked thus * are to be found only in reports. 


Maps marked thus t+ have been printed independently of reports, hence can 
be procured separately by applicants. 
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General map of coal fields in British Columbia. (Accompanying report 
No. 83—by Dr. J. B. Porter.) 


General map of coal field in Yukon Territory. (Accompanying report 
No. 83—by Dr. J. B. Porter.) 


Geological map of Austin Brook iron-bearing district, Bathurst town- 
ship, Gloucester county, N.B.—by E. Lindeman. Scale 400 feet. 
to 1 inch. (Accompanying report No. 105.) 


Magnetometric survey, vertical intensity: Austin Brook iron-bearing 
district—by E. Lindeman. Scale 400 feet to 1 inch. (Accom- 
panying report No. 105.) 


Index map showing iron-bearing area at Austin Brook—by E. Linde- 
man. . (Accompanying report No. 105.) 


Sketch plan showing geology of Point Mamainse, Ont.—by Professor 
A. C. Lane. Scale 4,000 feet to 1 inch. (Accompanying report 
INO LAS) 


Holland peat bog Ontario—by A. Anrep. (Accompanying report 
No. 151.) 


*119-137. Mica: township maps, Ontario and Quebec—by Hugh S. de 


aloo. 


+139. 


7140. 


7141. 


146. 


7147. 


7148. 


Schmid. (Accompanying report No. 118.) 


Mica: showing location of principal mines and occurrences in the 
Quebec mica area—by Hugh S. de Schmid. Scale 3-95 miles to 
1 inch. (Accompanying report No. 118.) 


Mica: showing location of principal mines and occurrences in the 
Ontario mica area—by Hugh S. de Schmid. Scale 3-95 miles to 
1 inch. (Accompanying report No. 118.) 


Mica: showing distribution of the principal mica occurrences in the 
Dominion of Canada—by Hugh S. de Schmid. Scale 3-95 miles 
to 1 inch. (Accompanying report No. 118.) 


Torbrook iron-bearing district Annapolis county, N.S.—by Howells 
Fréchette. Scale 400 feet to 1 inch. (Accompanying report 
No. 110;) 


Distribution of iron ore sands of the iron ore deposits on the north 
shore of the River and Gulf of St. Lawrence, Canada—by Geo. C. 
Mackenzie. Scale 100 miles to 1 inch. (Accompanying report 
No. 145.) 


Magnetic iron sand deposits in relation to Natashkwan harbour and 
Great Natashkwan river, Que. (Index Map)—by Geo. C. Mac- 
kenzie. Scale 40 chains to 1 inch. (Accompanying report No. 
145.) 


Natashkwan magnetic iron sand deposits, Saguenay county, Que.— 
by Geo. C. Mackenzie. Scale 1,000 feet to 1 inch. (Accom- 
panying report No. 145.) 


Note.—1. Maps marked thus * are to be found only in reports. 


2. Maps marked thus + have been printed independently of reports, henceZcan 
be procured separately by applicants. 
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Map_ showing the location of peat bogs investigated in 
Ontario—by A. Anrep. (See Map No. 354.) 


Map showing the location of peat bogs, as investigated i 
Manitoba—by A. Anrep. 


5 


Lac du Bonnet peat bog, Manitoba—by A. Anrep. 


Transmission peat bog, Manitoba— ss ly 


Corduroy peat bog, Manitoba— CER yee 
Boggy Creek peat bog, Manitoba— i AG ier ue 
Rice Lake peat bog, Manitoba— Cae Th 
Mud Lake peat bog, Manitoba— a 

Litter peat bog, Manitoba— w  « 

Julius peat litter bog, Manitoba— c= ne 

Fort Frances peat bog, Ontario— Goes 


Magnetometric map of No. 3 mine, lot 7, concessions V and VI, 
McKim township, Sudbury district, Ont.—by E. Lindeman. 
(Accompanying Summary report, 1911.) 


Map showing pyrites mines and prospects in Eastern Canada, and 
their relation to the United States market—by A. W. G. Wilson. 
Scale 125 miles to 1 inch. (Accompanying report No. 167.) 


Geological map of Sudbury nickel region, Ont.—by Prof. A. P. Cole- 
man. Scale 1 mile to 1 inch. (Accompanying report No. 170.) 


Geological map of Victoria mine—by Prof. A. P. Coleman.) (Accom- 


panying 
_ Crean Hill mine—by Prof. A. P. Coleman report 


No. 
Creighton mine—by Prof. A. P. Coleman. 170.) 


showing contact of norite and Laurentian in vicinity 
of Creighton mine—by Prof. A. P. Coleman. 
(Accompanying report No. 170.) 


a Copper Cliff offset—by Prof. A. P. Coleman. (Ac- 
companying report No. 170.) 


i No. 3 mine—by Prof. A. P. Coleman. (Accom- 
panying report No. 170.) 


showing vicinity of Stobie and No. 3 mines—by 


Prot A #Re.Goleman: (Accompanying report 
No. 170.) 


Note.—1. Maps marked thus * are to be found only in reports. 
2. 


Maps marked thus + have been printed independently of reports, hence can 
be procured separately by applicants. 
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Magnetometric survey, vertical intensity: Blairton iron mine, Bel- 
mont township, Peterborough county, Ontario—by E. Lindeman, 
1911. Scale 200 feet to 1 inch. (Accompanying report No. 184.) 


Geological map, Blairton iron mine, Belmont township, Peterborough 
county, Ontario—by E. Lindeman, 1911. Scale 200 feet to 1 inch. 
(Accompanying report No. 184.) 


Magnetometric survey, Belmont iron mine, Belmont township, Peter- 
borough county, Ontario—by E. Lindeman, 1911. Scale 200 feet 
to 1 inch. (Accompanying report No. 184.) 


Geological map, Belmont iron mine, Belmont township, Peterborough 
county, Ontario—by E. Lindeman, 1911. Scale 200 feet to 1 inch. 
(Accompanying report No. 184.) 


Magnetometric survey, vertical intensity: St. Charles mine, Tudor 
township, Hastings county, Ontario—by E. Lindeman, 1911. 
Scale 200 feet to 1 inch. (Accompanying report No. 184.) 


Geological map, St. Charles mine, Tudor township, Hastings county, 
Ontario—by E. Lindeman, 1911. Scale 200 feet to 1 inch. (Ac- 
companying report No. 184.) 


Magnetometric survey, vertical intensity: Baker mine, Tudor town- 
ship, Hastings county, Ontario—by E. Lindeman, 1911. Scale 
200 feet to 1 inch. (Accompanying report No. 184.) 


Geological map, Baker mine, Tudor township, Hastings county, 
Ontario—by E. Lindeman, 1911. Scale 200 feet to 1 inch. (Ac- 
companying report No. 184.) 


Magnetometric survey, vertical intensity: Ridge iron ore deposits, 
Wollaston township, Hastings county, Ontario—by E. Lindeman. 
1911. Scale 200 feet to 1 inch. (Accompanying report No. 184.) 


Magnetometric survey, vertical intensity: Coehill and Jenkins mines, 
Wollaston township, Hastings county, Ontario—by E. Lindeman, 
1911. Scale 200 feet to 1 inch. (Accompanying report No. 184.) 


Geological map, Coehill and. Jenkins mines, Wollaston township, 
Hastings county, Ontario—by E. Lindeman, 1911. Scale 200 
feet to 1 inch. (Accompanying report No. 184. ) 


Magnetometric survey, vertical intensity: Bessemer iron ore deposits, 
Mayo township, Hastings county, Ontario—by E. Lindeman, 
1911. Scale 200 feet to 1 inch. (Accompanying report No. 184.) 


Geological map, Bessemer iron ore deposits, Mayo township, Hastings 
county, Ontario—by E. Lindeman, 1911. Scale 200 feet to 1 inch. 
(Accompanying report No. 184.) 


Magnetometric survey, vertical intensity: Rankin, Childs, and 
Stevens mines, Mayo township, Hastings county, Ontario—by E. 
Lindeman, 1911. Scale 200 feet to 1 inch. (Accompanying report 
No. 184.) 


Note.—1. Maps marked thus * are to be found only in reports. 


Maps marked thus + have been printed independently of reports, hence 
can be procured separately by applicants. 
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Geological map, Rankin, Childs, and Stevens mines, Mayo township, 
Hastings county, Ontario—by E. Lindeman, 1911. Scale 200 
feet to 1 inch. (Accompanying report No. 184.) 


Magnetometric survey, vertical intensity: Kennedy property, Carlow 
township, Hastings county, Ontario—by E. Lindeman, 1911. 
Scale 200 feet to 1 inch. (Accompanying report No. 184.) 


Geological map, Kennedy property, Carlow township, Hastings county 
Ontario—by E. Lindeman, 1911. Scale 200 feet to 1 inch. (Accom- 
panying report No. 184.) 


Magnetometric survey, vertical intensity: Bow Lake iron ore occur- 
rences, Faraday township, Hastings county, Ontario—by E. Linde- 
man, 1911. Scale 200 feet to 1 inch. (Accompanying report No. 
184.) 


Index map, magnetite occurrences along the Central Ontario railway— 
by E. Lindeman, 1911. (Accompanying report No. 184.) 


Magnetometric map, Moose Mountain iron-bearing district, Sudbury 
district, Ontario: Deposits Nos. 1, 2, 3, 4, 5, 6, and 7—by E. 
Lindeman, 1911. (Accompanying report No. 303.) 


Geological map, Moose Mountain iron-bearing district, Sudbury 
district, Ontario, Deposits Nos. 1, 2, 3, 4,5, 6, and 7—by E. Linde- 
man, (Accompanying report No. 303.) 


Magnetometric survey of Moose Mountain iron-bearing district, 
Sudbury district, Ontario: northern part of deposit No. 2—by E 
Lindeman, 1912. Scale 200 feet to 1 inch. (Accompanying 
report No. 303.) 


Magnetometric survey of Moose Mountain iron-bearing district, Sud- 
bury district, Ontario: Deposits Nos. 8, 9, and 9Aa—by E. Linde- 
man, 1912. Scale 200 feet to 1 inch. (Accompanying report 
No. 303.) 


Magnetometric survey of Moose Mountain iron-bearing district, 
Sudbury district, Ontario: Deposit No. 10—by E. Lindeman, 
1912. Scale 200 feet to 1 inch. (Accompanying report No. 303.) 


Magnetometric survey, Moose Mountain iron-bearing district, Sud- 
bury district; Ontario: eastern portion of Deposit No. 11—by E. 
Lindeman, 1912. Scale 200 feet to 1 inch. (Accompanying 
report No. 303.) 


Magnetometric survey, Moose Mountain iron-bearing district, Sud- 
bury district, Ontario: western portion of deposit No. 11—by E. 
Lindeman, 1912. Scale 200 feet to 1 inch. (Accompanying report 
No. 303.) 


General geological map, Moose Mountain iron-bearing district, 
Sudbury district, Ontario—by E. Lindeman, 1912. Scale 800 
feet to Linch. (Accompanying report No. 303.) 


Note.—1. Maps marked thus * are to be found only in reports. 


2. Maps marked thus + have been printed independently of reports, hence can 
be procured separately by applicants. 
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Location of copper smelters in Canada—by A. W. G. Wilson. Scale 
197-3 miles to 1 inch. (Accompanying report No. 209.) 


Province of Alberta: showing properties from which samples of coal 
were taken for gas producer tests, Fuel Testing Division, Ottawa. 
(Accompanying Summary report, 1912.) 


Mining districts, Yukon. Scale 35 miles to 1 inch—by T. A. MacLean. 
(Accompanying report No. 222.) 


Dawson mining district, Yukon. Scale 2 miles to 1 inch—by T. A, 
MacLean. (Accompanying report No. 222.) 


Index map of the Sydney coal fields, Cape Breton, N.S. (Accom- 
panying report No. 227.) 


Mineral map of Canada. Scale 100 miles to 1 inch. (Accompanying 
report No. 230.) 


Index map of Canada showing gypsum occurrences. (Accompanying 
report No. 245.) 


Map showing Lower Carboniferous formation in which gypsum occurs 
in the Maritime provinces. Scale 100 miles to 1 inch. (Accom- 
panying report No. 345.) 


Map showing relation of gypsum deposits in Northern Ontario to rail- 
way lines. Scale 100 miles to 1 inch. (Accompanying report 
No. 245.) 


Map, Grand River gypsum deposits, Ontario. Scale 4 miles to 1 inch. 
(Accompanying report No. 245.) 


Plan of Manitoba Gypsum Co.’s properties. (Accompanying report 
No. 245.) 


Map showing relation of gypsum deposits in British Columbia to 
railway lines and market. Scale 35 miles to 1 inch. (Accompany- 
ing report No. 245.) 


Magnetometric survey, Caldwell and Campbell mines, Calabogie 
district, Renfrew county, Ontario—by E. Lindeman, 1911. Scale 
200 feet to 1 inch. (Accompanying report No. 254.) 


Magnetometric survey, Black Bay or Williams mine, Calabogie district, 
Renfrew county, Ontario—by E. Lindeman, 1911. Scale 200 feet 
to 1 inch. (Accompanying report No. 254.) 


Magnetometric survey, Bluff Point iron mine, Calabogie district, 
Renfrew county, Ontario—by E. Lindeman, 1911. Scale 200 fect 
to 1 inch. (Accompanying report No. 254.) 


Magnetometric survey, Culhane mine, Calabogie district, Renfrew 
county, Ontario—by E. Lindeman, 1911. Scale 200 feet to 1 inch. 
(Accompanying report No. 254.) 


Note.—1. Maps marked thus * are to be found only in reports. 
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Maps marked thus + have been printed independently of reports, hence can 
be procured separately by applicants. 
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XX 
Magnetometric survey, Martel or Wilson iron mine, Calabogie district, 
Renfrew county, Ontario—by E. Lindeman, 1911. Scale 200 feet 

to 1 inch. (Accompanying report No. 254.) 
Magnetometric survey, Northeast Arm iron range, lot 339 E.T.W. 


Lake Timagami, Nipissing district, Ontario—by E. Nystrom. 
1903. Scale 200 feet to 1 inch. 


Map of peat bogs investigated in Quebec—by A. Anrep, 1912. 
Large Tea Field peat bog, Quebec 
Small Tea Field peat bog, Quebec be Me 
Lanoraie peat bog, Quebec 

St. Hyacinthe peat bog, Quebec 
Riviere du Loup peat bog 
Cacouna peat bog 

Le Parc peat bog, Quebec 

St. Denis peat bog, Quebec 
Riviere Ouelle peat bog, Quebec 


Moose Mountain peat bog, Quebec 


Map of northern portion of Alberta, showing position of outcrops of 
bituminous sand. Scale 12} miles to 1 inch. (Accompanying 
report No. 281.) 


Map of Dominion of Canada, showing the occurrences of oil, gas, and 
tar sands. Scale 197 miles to 1 inch. (Accompanying report 
No. 291.) 


Reconnaissance map of part of Albert and Westmorland counties, 
New Brunswick. Scale 1 mile to 1 inch. (Accompanying report 
No. 291.) 


Sketch plan of Gaspé oil fields, Quebec, showing location of wells, 
Scale 2 miles to 1 inch. (Accompanying report No. 291.) 


Map showing gas and oil fields and pipe-lines in southwestern Ontario. 
Scale 4 miles to 1 inch. (Accompanying report No. 291.) 


Geological map of Alberta, Saskatchewan, and Manitoba. Scale 35 
miles to 1 inch. (Accompanying report No. 291.) 


Map, geology of the forty-ninth parallel, 0-9864 miles to 1 inch. 
(Accompanying report No. 291). 


Note.—1. Maps marked thus * are to be found only in reports. 


2. Maps marked thus ¢ have been printed independently of reports, hence can 
be procured separately by applicants. 
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Map showing location of main gas line, Bow Island, Calgary. Scale 
123 miles to 1 inch. (Accompanying report No. 291.)  - 


Magnetometric map, McPherson mine, Barachois, Cape Breton 
county, Nova Scotia—by A. H. A. Robinson, 1913. Scale 200 
feet to 1 inch. 


Magnetometric map, iron ore deposits at Upper Glencoe, Inverness 
county, Nova Scotia—by E. Lindeman, 1913. Scale 200 feet to 
1 inch. 


Magnetometric map, iron ore deposits at Grand Mira, Cape Breton 
county, Nova Scotia—by A. H. A. Robinson, 1913. Scale 200 
feet to 1 inch, 


Map showing location of Saline Springs and Salt Areas in the Dominion 
of Canada. (Accompanying Report No. 325.) 


Map showing location of Saline Springs in the Maritime Provinces. 
Scale 100 miles to 1 inch. (Accompanying Report No. 325.) 


Map of Ontario-Michigan Salt Basin, showing probable limit of pro- 
ductive area. Scale 25 miles to 1 inch. (Accompanying Report 
No. 325.) 


Map showing location of Saline Springs in Northern Manitoba. Scale 
123 miles to 1 inch. (Accompanying Report No. 325.) 


Magnetometric map of Atikokan iron-bearing district, Atikokan 
Mine and Vicinity. Claims Nos. 10E, 11E, 12E, 24E, 25E, and 
26E, Rainy River district, Ontario. By A. H. A. Robinson, 1914. 
Scale 400 feet to 1 inch. 


Geological map of Atikokan iron-bearing district, Atikokan Mine and 
Vicinity. Claims Nos. 10F, 11E, 12E, 24E, 25E, and 26E, Rainy 
River district, Ontario. By A. H. A. Robsinson, 1914. Scale 400 
feet to 1 inch. 


Magnetometric map of Atikokan iron-bearing district, Sheet No. 1, 
Claims Nos. 400R, 401R, 402R, 112X, and 403R. Rainy River 
district, Ontario. By E. Lindeman, 1914. Scale 400 feet to 1 inch. 


Geological map of Atikokan iron-bearing district. Sheet No. 1. 
Claims Nos. 400R, 401R, 402R, 112X, and 403R, Rainy River 
district, Ontario. By E. Lindeman, 1914. Scale 400 feet to 1 inch. 


Magnetometric map of Atikokan iron-bearing district. Sheet No. 
2. Claims Nos. 403R, 404R, 138X, 139X, and 140X, Rainy 
River district, Ontario. By E. Lindeman, 1914. Scale 400 feet 
tOpleiuch. 


Geological map of Atikokan iron-bearing district. Sheet No. 2. 
Claims Nos. 403R, 404R, 138X, 139X, and 140X, Rainy 
River district, Ontario. By E. Lindeman, 1914. Scale 400 feet 
to 1 inch. 


+ Maps marked thus + have been printed independently of reports, hence can be procured 
separately by applicants. 
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1343. Magnetometric map of Atikokan iron-bearing district. Mile Post 
No. 140, Canadian Northern railway, Rainy River district, Ontario. 
By E. Lindeman, 1914. Scale 400 feet to 1 inch. 


1343a. Geological map, Atikokan iron-bearing district. Mile Post No. 140, 
Canadian Northern railway, Rainy River district, Ontario. By 
EK. Lindeman, 1914. Scale 400 feet to 1 inch. 


=354. Index Map, showing location of peat bogs in- 
vestigated in Ontario— by A. Anrep, 1913-14. 


1355. Richmond peat bog, Carleton county, Ontario— 


1356. Luther peat bog, Wellington and Dufferin coun- 
ties, Ontario— 


~357. Amaranth peat bog, Dufferin county, Ontario— 
1358. Cargill peat bog, Bruce county, Ontario— 

1359. Westover peat bog, Wentworth county, Ontario— 
1360. Marsh Hill peat bog, Ontario county, Ontario— “ ye 
1361. Sunderland peat bog, Ontario county, Ontario— 
1362. Manilla peat bog, Victoria county, Ontario— 
1363. Stoco peat bog, Hastings county, Ontario— 


1364. Clareview peat bog, Lennox and Addington 
counties, Ontario— 


1365. Index Map, showing location of peat bogs inves- 
tigated in Quebec— 


1366. L’Assomption peat bog, L’Assomption county, 
Quebec— 


1367. St. Isidore peat bog, La Prairie countv. OQuebec— x s 
7368. Holton peat bog, Chateauguay county, Quebec— N ; 


1369, Index Map, showing location of peat bogs inves- 
tigated in Nova Scotia and Prince Edward 


Island— f 
1370. Black Marsh peat bog, Prince county, Prince 

Edward Island— . x 
1371. Portage peat bog, Prince county, Prince Edward 

Island— - - 


1372. Miscouche peat bog, Prince county, Prince 
Edward Island— és « 


1373. Muddy Creek peat bog, Prince county, Prince 


Edward Island— «é « 
1374. The Black Banks peat bog, Prince county, 
Prince Edward Island— « « 


+ Maps marked thus + have been printed independently of reports, hence can be procured 
separately by applicants. 
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Mermaid peat bog, Queens county, Prince 


Ped ward leland seein er oy he een: by A. Anrep, 1913-14 
Caribou peat bog, Kings county, Prince Edward 

Island— ss < 
Cherryfield peat bog, Lunenburg County, Nova 

Scotia— . c 


Tusket peat bog, Yarmouth county, Nova 
Scotia— . . 


Makoke peat bog, Yarmouth county, Nova 
Scotia— s 
Heath peat bog, Yarmouth county, Nova 


Scotia— 
Port Clyde peat bog, Shelburne county, Nova 
Scotia— au c 


Latour peat bog, Shelburne county, Nova 
Scotia— vi : 


Clyde peat bog, Shelburne county, Nova 
Scotia— by « 


Geological map Banff district, Alberta, showing location of phosphate 
ee Hugh S. de Schmid, 1915. (Accompanying report 
No. 385. 


Christina river map showing outcrops of bituminous sand along 
Christina valley; contour intervals of 20 feet— by on Cakiice 1015; 
Scale 1,000 feet to 1 inch. 


Clearwater river map, showing outcrops of bituminous sand along 
Clearwater valley; contour intervals of 20 feet by oa. erisr 
1915. Scale 1,000 feet to 1 inch. 


Hangingstone-Horse rivers, showing outcrops of bituminous sand 
along Hangingstone and Horse River valleys: contour intervals 
of 20 feet—by S. C. Ells, 1915. Scale 1,000 feet to 1 inch. 


Steepbank river, showing outcrops of bituminous sand along Steep- 
bank valley; contour intervals of 20 feet—by S. C. Ells, 1915. 
Scale 1,000 feet to 1 inch. 


McKay river, 3 sheets, showing outcrops of bituminous sand along 
McKay valley; contour intervals of 20 feet—by S. C. Ells, 1915. 
Scale 1,000 feet to 1 inch. 


Moose river, showing outcrops of bituminous sand along Moose 
valley; contour intervals of 20 feet—by S. C. Ells, 1915. Scale 
1,000 feet to 1 inch. 


Address all communications to— 


DIRECTOR MINES BRANCH, 
DEPARTMENT OF MINEs, 
SUSSEX STREET, OTTAWA. 


Note.—1. Maps marked thus * are to be found only in reports. 


2. Maps marked thus + have been printed independently of reports, hence can 
be procured separately by applicants. 
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